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FIG. 29A
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IMAGING APPARATUS, IMAGING SYSTEM,
IMAGING APPARATUS DRIVING METHOD,
AND IMAGING SYSTEM DRIVING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

One disclosed aspect of the embodiments relates to an
imaging apparatus and an imaging system, which include
multiple pixels including multiple photoelectric conversion
units.

2. Description of the Related Art

Heretofore, there has been known an imaging apparatus
which include multiple pixels including multiple photoelec-
tric conversion units and outputs a signal based on one of the
photoelectric conversion units, and a signal based on a part of
photoelectric conversion units of the other photoelectric con-
version units. As for an embodiment using at least these two
signals, a focal-point detecting method to perform focal-point
detection of the phase difference detecting method has been
proposed, for example. As an example of an imaging appa-
ratus which outputs a signal available for such a focal-point
detecting method, there has been an imaging apparatus to
which a pair of photoelectric conversion units are provided
for each micro lens of a micro lens array arrayed in a two-
dimensional manner. With Japanese Patent Laid-Open No.
2001-83407, there has been proposed an imaging apparatus
wherein addition or non-addition of a signal output from a
pair of photoelectric conversion units to which light is input
via one micro lens may optionally be performed in incre-
ments of pixels including a pair of photoelectric conversion
units.

Also, with Japanese Patent Laid-Open No. 2000-156823,
there has been described an imaging apparatus including
pixels for distance measurement and pixels for imaging oper-
ates according to three types of readout methods of a still-
image shooting mode, thinning mode, and distance measure-
ment mode. With the still-image shooting mode, though pixel
signals of pixels for distance measurement and pixels for
imaging are output from the imaging apparatus, pixel signals
from the pixels for distance measurement will not be used for
the subsequent signal processing, and pixel signals for imag-
ing alone will be used. The distance measurement mode is a
mode wherein, contrary to the still-image shooting mode,
pixel signals from the pixels for distance measurement are
used without using pixel signals from the pixels for imaging
in the subsequent signal processing. The thinning mode is a
mode wherein at the time of outputting pixel signals from the
imaging apparatus, pixel signals are output from the pixels for
imaging alone, and pixel signals from the pixels for distance
measurement are not output.

With the imaging apparatus disclosed in Japanese Patent
Laid-Open No. 2001-83407, sufficient study has not been
performed regarding how to obtain an image obtaining signal
which is a signal based on multiple photoelectric conversion
units, and also how to obtain a signal for performing focal-
point detection in the phase difference detecting method, and
a signal based on a part of the photoelectric conversion units
at high speed. With the imaging apparatus disclosed in Japa-
nese Patent [Laid-Open No. 2000-156823, in order to obtain
an image obtaining signal, operation has to be performed in
one of the still-image shooting mode and thinning mode, and
in order to obtain a focal-point detection signal, operation has
to be performed in the distance measurement mode. Thus, in
order to obtain both of an image obtaining signal and a focal-
point detection signal, pixel signals have to be output by
scanning pixels of a solid-state imaging element multiple
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times. Accordingly, with the imaging apparatuses disclosed
in Japanese Patent Laid-Open Nos. 2001-83407 and 2000-
156823, study has insufficiently been performed regarding
how to obtain a signal based on a part of the photoelectric
conversion units of the multiple photoelectric conversion
units from the imaging apparatus at high speed, and also how
to obtain a signal based on the multiple photoelectric conver-
sion units.

SUMMARY OF THE INVENTION

An embodiment is an imaging apparatus including: a plu-
rality of pixels arrayed in a matrix shape, each including a
plurality of photoelectric conversion units configured to gen-
erate signal charge, and to output a signal based on the signal
charge, wherein at least each of a part of the pixels of the
plurality of pixels outputs a first signal based on m (m is an
integer) photoelectric conversion units which each of the
pixels includes, the signal charge of n (n is an integer less than
m) photoelectric conversion units within one frame period,
and wherein each of the plurality of pixels outputs a second
signal based on the signal charge of the m photoelectric
conversion units which each of the plurality of pixels
includes, within the one frame period, and wherein the num-
ber of signals based on the first signals which the imaging
apparatus outputs is less than the number of signals based on
the second signals which the imaging apparatus outputs.

Also, an embodiment is an imaging system including: an
imaging apparatus, and a focal-point detection signal pro-
cessing unit, wherein the imaging apparatus includes a plu-
rality of pixels arrayed in a matrix shape; and wherein each of
the plurality of pixels includes a plurality of photoelectric
conversion units configured to generate signal charge, and
wherein at least each of a part of the pixels of the plurality of
pixels outputs a first signal based on m (m is an integer)
photoelectric conversion units which each of the pixels
includes, the signal charge of n (n is an integer less than m)
photoelectric conversion units within one frame period, and
wherein each of the plurality of pixels outputs a second signal
based on the signal charge of the m photoelectric conversion
units which each of the plurality of pixels includes, within the
one frame period and wherein the imaging apparatus outputs
each of a signal based on the second signals of the plurality of
pixels and a signal based on the first signal, to the focal-point
detection signal processing unit, and wherein the focal-point
detection signal processing unit outputs, of the signals based
on the first signals of the plurality of pixels output to the
focal-point detection signal processing unit, the signal based
on the first signals of a part of the pixels of the plurality of
pixels, and does not output the signal based on the first signals
of the other pixels of the plurality of pixels.

Also, an embodiment is a driving method for an imaging
apparatus including a plurality of pixels arrayed in a matrix
shape, each of which includes a plurality of photoelectric
conversion units configured to generate signal charge, the
driving method comprising outputting, with at least a part of
the pixels of the plurality of pixels, a first signal based on of m
(m is an integer) photoelectric conversion units which each of
the pixels includes, the signal charge of n (n is an integer less
than m) photoelectric conversion units within one frame
period outputting, with each of the plurality of pixels, a sec-
ond signal based on the signal charge of the m photoelectric
conversion units which each of the plurality of pixels
includes, within the one frame period and outputting, with the
imaging apparatus, the signals based on the first signals and
the signals based on the second signals by reducing the num-
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ber of signals based on the first signals as compared to the
number of signals based on the second signals.

Also, an embodiment is a driving method for an imaging
system including an imaging apparatus to perform signal
processing of a signal output from the imaging apparatus, the
imaging apparatus including a plurality of pixels arrayed in a
matrix shape, each of which includes a plurality of photoelec-
tric conversion units configured to generate signal charge, and
a lens array including a plurality of micro lenses, with light
condensed at one of the micro lenses being input to the plu-
rality of photoelectric conversion units which the pixels
include, the driving method comprising outputting, with at
least a part of the pixels of the plurality of pixels, a first signal
based on of m (m is an integer) photoelectric conversion units
which each of the pixels includes, the signal charge of n (n is
an integer less than m) photoelectric conversion units within
one frame period outputting, with each of the plurality of
pixels, a second signal based on the signal charge of the m
photoelectric conversion units which each of the plurality of
pixels includes, within the one frame period and outputting,
with the imaging apparatus, the signals based on the first
signals and the signals based on the second signals by reduc-
ing the number of signals based on the first signals as com-
pared to the number of signals based on the second signals
wherein the signal processing is processing to obtain a dif-
ference signal which is difference between the signal based
on the first signal of the pixel, and the signal based on the
second signal of the pixel, to perform focal-point detection
using the difference signal and the signal based on the first
signal of the pixel, and to form an image using the signal
based on the second signal of the pixel.

Also, an embodiment is a driving method for an imaging
system including an imaging apparatus to perform signal
processing of a signal output from the imaging apparatus, the
imaging apparatus including a plurality of pixels arrayed in a
matrix shape, each of which includes a plurality of photoelec-
tric conversion units configured to generate signal charge, and
a lens array including a plurality of micro lenses, with light
condensed at one of the micro lenses being input to the plu-
rality of photoelectric conversion units which the pixels
include, the driving method comprising, outputting, with
each of'the plurality of pixels, a first signal based on of m (m
is an integer) photoelectric conversion units which each of the
pixels includes, the signal charge ofn (n is an integer less than
m) photoelectric conversion units within one frame period,
outputting, with each of the plurality of pixels, a second signal
based on the signal charge of the m photoelectric conversion
units which each of the plurality of pixels includes, within the
one frame period, and outputting, with the imaging apparatus,
the signal based on the first signal and the signal based on the
second signal, wherein the signal processing is processing to
output, of the signals based on the first signals of the plurality
of pixels, the signals based on the first signals of a part of the
pixels of the plurality of pixels, and not to output the signals
based on the first signals of the other pixels of the plurality of
pixels.

One disclosed aspect of the embodiments may provide an
imaging apparatus which enables a signal based on a part of
photoelectric conversion units of multiple photoelectric con-
version units to be obtained at high speed and also enables a
signal based on the multiple photoelectric conversion units to
be obtained.

Further features of the disclosure will become apparent
from the following description of exemplary embodiments
with reference to the attached drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic diagram illustrating an array
example of pixels to be operated as focal-point detecting
pixels.

FIG. 1B is a schematic diagram illustrating another array
example of pixels to be operated as focal-point detecting
pixels.

FIG. 1C is a schematic diagram illustrating another array
example of pixels to be operated as focal-point detecting
pixels.

FIG. 2 is a schematic diagram exemplifying a pixel unitand
a signal processing circuit regarding an imaging apparatus.

FIG. 3A is a diagram illustrating an array example regard-
ing the pixel unit of the imaging apparatus.

FIG. 3B is a diagram illustrating an array example regard-
ing the pixel unit of the imaging apparatus.

FIG. 4 is a schematic diagram regarding the imaging appa-
ratus.

FIG. 5 is a schematic diagram illustrating an example of an
analog-to-digital conversion circuit of the imaging apparatus.

FIG. 6 is a diagram representing operation timing of the
imaging apparatus.

FIG. 7A is a diagram representing operation timing of
another example regarding the imaging apparatus.

FIG. 7B is a diagram representing operation timing of
another example regarding the imaging apparatus.

FIG. 8 is a schematic diagram illustrating another example
of the analog-to-digital conversion circuit of the imaging
apparatus.

FIG. 9A is a schematic diagram exemplifying a pixel unit
and a signal processing circuit regarding an imaging appara-
tus according to another example.

FIG. 9B is a schematic diagram illustrating an example of
operation of the signal processing circuit and a horizontal
scanning circuit.

FIG. 10 is a schematic diagram exemplifying a pixel unit
regarding an imaging apparatus of another example.

FIG. 11 is a schematic diagram regarding an imaging appa-
ratus according to another example.

FIG. 12A is a diagram representing operation timing
regarding the imaging apparatus according to another
example.

FIG. 12B is a diagram representing operation timing
regarding the imaging apparatus according to another
example.

FIG. 13 is a schematic diagram regarding an imaging appa-
ratus according to another example.

FIG. 14 is a diagram representing operation timing regard-
ing the imaging apparatus according to another example.

FIG. 15 is a diagram representing operation timing regard-
ing the imaging apparatus according to another example.

FIG. 16 is a schematic diagram regarding an imaging sys-
tem.

FIG. 17 is a schematic diagram regarding an imaging sys-
tem according to another example.

FIG. 18A is a schematic diagram regarding an imaging
apparatus according to another example.

FIG. 18B is a schematic diagram illustrating an example of
a counter circuit.

FIG. 19 is a diagram representing operation timing regard-
ing the imaging apparatus according to another example.

FIG. 20A is a schematic diagram of a pixel unit according
to another example.

FIG. 20B is a schematic diagram of an imaging apparatus
according to another example.
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FIG. 21 is a diagram representing operation timing regard-
ing the imaging apparatus according to another example.

FIG. 22A is a schematic diagram of an imaging apparatus
according to another example.

FIG. 22B is a diagram representing operation timing
regarding the imaging apparatus according to another
example.

FIG. 23A is a diagram representing operation timing
regarding an imaging apparatus according to another
example.

FIG. 23B is a diagram representing operation timing
regarding an imaging apparatus according to another
example.

FIG. 24A is a schematic diagram of an imaging apparatus
according to another example.

FIG. 24B is a diagram representing operation timing
regarding the imaging apparatus according to another
example.

FIG. 25A is a schematic diagram of an imaging apparatus
according to another example.

FIG. 25B is a diagram representing operation timing
regarding the imaging apparatus according to another
example.

FIG. 26A is a diagram representing operation timing
regarding an imaging apparatus according to another
example.

FIG. 26B is a diagram representing operation timing
regarding an imaging apparatus according to another
example.

FIG. 27A is a schematic diagram of an imaging apparatus
according to another example.

FIG. 27B is a diagram representing operation timing
regarding the imaging apparatus according to another
example.

FIG. 28A is a schematic diagram of an imaging apparatus
according to another example.

FIG. 28B is a diagram representing operation timing
regarding the imaging apparatus according to another
example.

FIG. 29A is a schematic diagram of an imaging apparatus
according to another example.

FIG. 29B is a diagram representing operation timing
regarding the imaging apparatus according to another
example.

FIG. 30A is a schematic diagram of an imaging apparatus
according to another example.

FIG. 30B is a schematic diagram of an amplifying circuit
according to another example.

FIG. 30C is a schematic diagram of an amplifying circuit
according to another example.

FIG. 31 is a diagram representing operation timing regard-
ing the imaging apparatus according to another example.

DESCRIPTION OF THE EMBODIMENTS

First Embodiment

Hereinafter, an imaging apparatus according to the present
embodiment will be described with reference to the drawings.

Pixels provided to the imaging apparatus according to the
present embodiment output a signal serving as a basis of a
focal-point detection signal for focal-point detection by the
phase difference detecting method, and a signal serving as a
basis of an image obtaining signal which is a signal for imag-
ing. For example, a signal serving as a basis of a focal-point
detection signal is output from multiple pixels arrayed in a
line a linear shape or cross shape. The imaging apparatus
processes a signal serving as a basis of a focal-point detection
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signal and a signal serving as a basis of an image obtaining
signal to be output from pixels to output a focal-point detec-
tion signal and an image obtaining signal. Based on the focal-
point detection signal output from the imaging apparatus,
mutual phase difference of incident light may be detected.
Based on this detected phase difference, focal-point detection
may be performed.

FIG. 1A illustrates, with the imaging apparatus according
to the present embodiment, an example of how to read out a
signal that a pixel outputs (hereinafter, referred to as pixel
signal). Each of the pixels according to the present embodi-
ment has multiple photoelectric conversion units, as will be
described later. A pixel signal to be output based on one signal
charge of the multiple photoelectric conversion units will be
referred to as a signal A. Also, a pixel signal to be output based
on signal charge of the multiple photoelectric conversion
units will be referred to as a signal A+B. A signal A is a signal
serving as a basis of a focal-point detection signal which is a
signal for detecting a focal point. The signal A+B is a signal
serving as a basis of an image obtaining signal. The signal
A+B is a second signal that a pixel outputs, and the signal A
is a first signal that a pixel outputs.

FIGS. 1A to 1C schematically represent a mode wherein
pixels are arrayed in multiple rows by multiple columns. FI1G.
1A is a mode wherein all of the pixels in a part of rows output
the signal A. Also, a pixel in an area where A and A+B are
described together outputs the signal A, and then outputs the
signal A+B. A pixel in an area described as A+B performs
output of the signal A+B, but does not perform output of the
signal A.

FIG. 2 illustrates a schematic diagram collectively illus-
trating a signal processing circuit and a horizontal scanning
circuit which extract pixels in four rows by four columns
which are part of the imaging apparatus illustrated in FIG. 1A,
and also process the signal from a pixel. Pixels in FIG. 2 are
arrayed in a Bayer array with four rows by four columns as
basic units. Hereinafter, an area where pixels in multiple rows
by multiple columns are arrayed will be referred to as a pixel
unit. In FIG. 2, R (Red), G (Green), and B (Blue) which are
colors of a color filter 22 provided to pixels are enclosed in
parentheses, and a symbol to be output is notated therebelow.
Specifically, a pixel in the first row counted from top of FIG.
2 and in the first column counted from the left has a green
color filter, and indicates that the signal A and signal A+B are
output in a time-sharing manner. In FIG. 2, all of the pixels in
the first row L1 and second row L2 counted from top of the
drawing output the signal A, and the signal A+B in a time-
sharing manner. All of the pixels in the third row L3 and
fourth row L4 counted from top of the drawing do not output
the signal A but the signal A+B alone. Note that, unless
otherwise noted, at the time of referring to a pixel as the X’th
row (X is a natural number), all pixels are counted from top of
the drawing through the present Specification. Similarly, at
the time of referring to a pixel as the Y’th column (Y is a
natural number) as well, unless otherwise noted, all pixels are
counted from left of the drawing through the present Speci-
fication. A signal processing circuit 101 is provided to each
column of pixels arrayed in multiple columns, a pixel signal
is read out from each pixel based on the signal from a hori-
zontal scanning circuit 14, and the read signal is output to the
outside of the imaging apparatus. With the example of the
imaging apparatus illustrated in FIG. 2, the two horizontal
scanning circuits 14 are provided sandwiching a pixel area
where pixels 100 are arrayed in a matrix shape. The signal
processing circuits 101 are electrically connected to the same
horizontal scanning circuit 14 every other row. According to
this configuration, for example, the two horizontal scanning
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circuits 14 select the signal processing circuits provided to the
first column and second column respectively, and accord-
ingly, pixel signals may be output from the pixels 100 in the
first column and second column at the same time.

FIG. 3A is a top-face schematic view of the imaging appa-
ratus regarding the present embodiment. The pixels 100
include a first photodiode 1 which is a first photoelectric
conversion unit, a second photodiode 51 which is a second
photoelectric conversion unit, and an intra-pixel readout cir-
cuit unit 10 electrically connected to the photodiodes 1 and
51. Hereinafter, at the time of collectively representing the
photodiodes 1 and 51 which the one pixel 100 includes, this is
referred to as a light-receiving unit. One micro lens 23 is
allocated so as to cover one light-receiving unit, and con-
denses light flux into the light-receiving unit. That is to say,
one micro lens is provided corresponding to one light-receiv-
ing unit. Also, light condensed by one micro lens is input to
multiple photoelectric conversion units included in the pixel
100 provided corresponding to one micro lens. The imaging
apparatus according to the present embodiment includes a
micro lens array including multiple micro lenses.

Next, FIG. 3B illustrates the cross sections of the two
pixels 100 of a portion indicated with a straight line a-f3 in
FIG. 3A. The color filter 22 is provided between the micro
lens 23 and the photodiodes 1 and 51.

FIG. 4 is a schematic diagram schematically representing
the imaging apparatus according to the present embodiment
by extracting the pixels 100 in two rows by two columns, and
the two columns of the signal processing circuits 101. Refer-
ence numeral 2 is a vertical scanning circuit, which is a
vertical scanning circuit which selects a pixel for each row
based on a timing signal from a timing generator 12 (herein-
after, referred to as TG 12) to output a pixel signal from a
pixel.

Next, the pixels 100 will be described. The pixels 100
include transfer MOS transistors 20 and 50, a reset MOS
transistor 4, an amplifier MOS transistor 5, and a selection
MOS transistor 6. With the photodiodes 1 and 51, when light
is input, signal charge occurs due to photoelectric conversion.
Signal charge that the photodiode 1 holds is transtferred to the
input node of the amplifier MOS transistor 5 with a transfer
pulse ¢T1 that a vertical scanning circuit 2 which will be
described later with reference to FIG. 6 supplies to the gate of
the transfer MOS transistor 20 being as a high level (herein-
after, will be referred to as H level. Similarly, a low level will
be referred to as L level). Similarly, signal charge that the
photodiode 51 holds is transferred to the input node of the
amplifier MOS transistor 5 with a transfer pulse ¢ 12 that the
vertical scanning circuit 2 supplies to the gate of the transfer
MOS transistor 50 being as H level. When changing a reset
pulse ¢R that the vertical scanning circuit 2 supplies to the
gate of the reset MOS transistor 4 to H level, the potential of
the input node of the amplifier MOS transistor 5 is reset. The
amplifier MOS transistor 5 outputs an electric signal to the
selection MOS transistor 6 based on the signal charge trans-
ferred to the input node. The selection MOS transistor 6
outputs a signal that the amplifier MOS transistor 5 output to
a vertical signal line 7 when a selection pulse ¢SEL to be
supplied from the vertical scanning circuit 2 to the gate is H
level.

A signal to be output to the vertical signal line 7 based on
the potential of the input node of the amplifier MOS transistor
5 to which the signal charge from the photodiode 1 has been
transferred is equivalent to the signal A. Also, a signal to be
output to the vertical signal line 7 based on the potential of the
input node of the amplifier MOS ftransistor 5 to which the
signal charge from the photodiode 51 has been transferred is
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equivalent to the signal B. Also, signal charge that has been
accumulated in each of the photodiodes 1 and 51 is trans-
ferred to the input node ofthe amplifier MOS transistor 5 with
both of transfer pulses ¢ T1 and ¢T2 being as H level. A signal
to be output to the vertical signal line 7 based on the potential
of the input node of the amplifier MOS transistor 5 is equiva-
lent to the above-mentioned signal A+B. With the present
embodiment, with regard to the signal B, i.e., the signal to be
output to the vertical signal line 7 when signal charge alone
held at the photodiode 51 after photoelectric conversion is
transferred to the input node of the amplifier MOS transistor
5, output operation from the pixel 100 is not performed. The
signal equivalent to the signal B is obtained by a later-de-
scribed digital signal processing circuit performing differ-
ence processing between an image obtaining signal and a
focal-point detection signal. This signal B is, as with the
signal A, a signal serving as a basis of a focal-point detection
signal to be used for focal-point detection. This is the end of
description regarding the pixels 100.

Next, the signal processing circuit 101 will be described.
Reference symbol C0 is clamp capacitor. Reference numeral
8 is an operational amplifier, and amplifies and outputs pixel
signals output from the pixels 100 via the clamp capacitor C0.
Feedback capacitors C1 and C2 are provided to a feedback
path of the operational amplifier 8 along with switches SW1
and SW3, respectively. Reversal gain according to a capacity
ratio between summation Cf_total of capacity values of the
feedback capacitors serially connected to the switches SW2
and SW3 which are an electro-conductive state with respect
to the output terminal and input terminal of the operational
amplifier 8 of the feedback capacitors C1 and C2, and the
clamp capacitor C0O occurs on the output terminal of the
operational amplifier 8.

A signal output from the operational amplifier 8 is input to
a comparator circuit 9 via a clamp capacitor C3. With the
comparator circuit 9, a ramp signal VRAMP of which the
voltage value is changed depending on time is supplied from
the ramp signal generator circuit 10 via a clamp capacitor C4.
The comparator circuit 9 performs comparison between the
ramp signal VRAMP and a signal to be output from the
operational amplifier 8 via the clamp capacitor C3, and out-
puts a latch signal LAT which is a signal based on the com-
parison result to a counter circuit 11. Specifically, when a
magnitude relation between the ramp signal VRAMP and the
signal output from the operational amplifier 8 reverses, the
signal level of the latch signal L AT that the comparator circuit
9 outputs is changed. A clock pulse signal CLK is output to
the counter circuit 11 from the TG 12. The counter circuit 11
generates a count signal obtained by counting the clock pulse
signal CLK since the ramp signal generator circuit 10 started
change in the voltage value of the ramp signal VRAMP
depending on time until the latch signal LAT from the com-
parator circuit 9 is changed. When the latch signal LAT output
from the comparator circuit 9 changes, the counter circuit 11
ends counting of the clock pulse signal CLK, and also holds
the count signal when the latch signal LAT changes. When a
period for changing the ramp signal VRAMP is ended,
memory 13 which is a signal holding unit performs acquisi-
tion of the count signal held at the counter circuit 11, and
holds the count signal. The horizontal scanning circuit 14
sequentially selects memory 13 of each column based on the
timing signal from the TG 12, and transfers the count signal
held at the memory 13 of each column. A signal output by this
horizontal scanning circuit 14 is an output signal SIGOUT
that the imaging apparatus outputs. The output signal
SIGOUT according to the present embodiment is a later-
described digital signal N, digital signal A, and digital signal
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A+B. That is to say, the output signal SIGOUT is a signal
based on a pixel signal. Also, the digital signal A+B is a signal
based on the second signal, and the digital signal A is a signal
based on the first signal. With the present embodiment, the
signal based on the second signal is an image obtaining sig-
nal, and the signal based on the first signal is a focal-point
detection signal. Note that the ramp signal VRAMP is an
example of a reference signal to be compared with an analog
signal at the comparator circuit 9.

Next, an example of the configuration of the counter circuit
11 and memory 13 is illustrated in FIG. 5. The counter circuit
11 generates an n-bit count signal CKn based on the clock
pulse signal CLK to be supplied from the TG 12, and outputs
this to the memory 13. There are provided n count signal
transmission lines for transmitting the n-bit count signal,
between the counter circuit 11 and the memory 13. The imag-
ing apparatus according to the present embodiment performs
correlated double sampling (hereinafter, referred to as CDS),
which will be described later. Thus, a signal N which is a
noise-level signal of the pixel 100, and a signal S to be output
based on the potential of the input node of the amplifier MOS
transistor 5 to which signal charge generated by photoelectric
conversion of the light-receiving unit has been transferred are
output from the pixel 100. The signal S includes, with the
present embodiment, the signal A and signal A+B. Accord-
ingly, three signals of the signal N, signal A, and signal A+B
are output from the pixel 100 within one frame period. Note
that one frame period is a period after a vertical synchronizing
signal VD illustrated in a later-described FIG. 7B is changed
to H level, until the vertical synchronizing signal VD changes
to H level. With the present embodiment, each time each of
the signal N, signal A, and signal A+B which are analog
signals is output from the pixel 100, operation to convert the
analog signal into a digital signal is performed. Therefore,
with the memory 13, three memory units to hold a digital
signal value are provided corresponding to the signals,
respectively. Specifically, a memory unit M1 holds the digital
signal N based on the signal N, a memory unit M2 holds the
digital signal A based on the signal A, and a memory unit M3
holds the digital signal A+B based on the signal A+B. That is
to say, the memory unit M1 is memory N to which a digital
signal which is a noise-level signal value is input. Also, the
memory unit M2 is memory S1 to hold a signal based on the
above-mentioned pixel signal based on a part of photoelectric
conversion units of a pixel. Also, the memory unit M3 is
memory S2 to hold a signal based on a pixel signal based on
multiple photoelectric conversion units of a pixel. A signal
line N 15 and a signal line S 16 are electrically connected to
the memory 13, the digital signal N is output to the signal line
N 15 from the memory M1, the digital signal A and digital
signal A+B based on the signal A+B are output to the signal
line S 16 from the memory units M2 and M3 respectively in
a time-sharing manner.

Next, operation timing that the pixels 100 in the first row
perform of the imaging apparatus exemplified in FIG. 2 is
illustrated in FIG. 6. A switch pulse $SW1 is a pulse to switch
on/off of the switch SW1, and the switch SW1 is turned on at
the time of H level. Reference symbol V1 represents output of
the operational amplifier 8. The SIGOUT indicates timing for
the horizontal scanning circuit 14 selecting the memory 13 of
each column, and outputting the count signal from each
memory unit. Hereinafter, let us say that at least one of gSW2
and ¢SW3 is in a high level, i.e., a signal is amplified with a
ratio as to the capacity value of the clamp capacitor C0.

Atpoint-in-time t11, areset pulse ¢R is changed to H level,
and the input node of the amplifier MOS transistor 5 is taken
as reset-level potential. Also, the selection pulse ¢SEL is
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changed to H level. Thus, a pixel signal at the time of the input
node of the amplifier MOS transistor 5 being in reset-level
potential is output to the vertical signal line 7. The switch
pulses $SW1 and ¢C are changed to H level. When the switch
pulse ¢C changes to H level, the switches SW4 and SW5 are
turned on. Reset of the operational amplifier 8 is performed
by changing the switch pulse ¢SW1 to H level, and shorting
the output terminal and input terminal of the operational
amplifier 8. Reset of the clamp capacitor C4 is performed by
changing the switch pulse ¢C to H level. Also, at the point-
in-time t11, the selection pulse ¢SEL is changed to H level,
and a pixel signal is output to the vertical signal line 7 based
on the potential of the reset level of the input node of the
amplifier MOS transistor 5.

At point-in-time t12, the reset pulse $R, and switch pulses
¢SW1 and ¢C are changed to L level. Potential when the
switch pulses 9SW1 and ¢C arein L level is held at each of the
clamp capacitors C0, C3, and C4. When the reset pulse ¢R is
changed from H level to L level, the potential of the input
node of the amplifier MOS transistor 5 is changed due to
charge injection that occurs at the reset MOS transistor 4.
Thus, the signal level of a pixel signal to be output to the
vertical signal line 7 is also changed. The pixel signal to be
output at this point-in-time t12 will hereinafter be referred to
as signal N. Similarly, the pixel signal to be output to the
vertical signal line 7 based on the potential of the input node
of the amplifier MOS transistor 5 which holds signal charge
subjected to photoelectric conversion by the light-receiving
unit will hereinafter be referred to as signal S. The operational
amplifier 8 amplifies the signal given via the clamp capacitor
C0 and outputs this to the clamp capacitor C3. The signal
given to the clamp capacitor C3 is a signal obtained by ampli-
fying the signal output from the pixel 100 via the clamp
capacitor C0, on which an offset signal Voff of the operational
amplifier 8 is superimposed. The signal output from the
operational amplifier 8 via the clamp capacitor C3 is given to
the comparator circuit 9.

At point-in-time t13, the ramp signal generator circuit 10
starts change of the ramp signal VRAMP. The comparator
circuit 9 starts comparison operation between the signal out-
put from the operational amplifier 8 via the clamp capacitor
C3, and the ramp signal VRAMP to be supplied from the
ramp signal generator circuit 10. Also, the counter circuit 11
starts counting of the clock pulse signal CLK at the same time
as the ramp signal generator circuit 10 starts change of the
ramp signal VRAMP, and outputs the count signal which is a
counting result to the memory 13.

For example, let us say that the magnitude relation between
the signal output from the operational amplifier 8 via the
clamp capacitor C3, and the ramp signal VRAMP is reversed
at point-in-time t14. In response to this, the comparator cir-
cuit 9 outputs the latch signal LAT. The counter circuit 11 to
which this latch signal LAT has been output stops output of
the count signal to the memory 13. The memory 13 holds the
count signal at this point-in-time t14. At point-in-time t15, the
ramp signal generator circuit 10 ends changing of the ramp
signal VRAMP. As compared to a later-described case where
the signal S is converted into a digital signal, time for chang-
ing the ramp signal VRAMP is reduced in the event of con-
verting the signal N into a digital signal. This is generally
because the signal N has a noise component and an offset
component as principal components, and accordingly, the
signal range of the signal N is narrower than the signal range
of the signal S. Accordingly, time for changing the ramp
signal VRAMP may be reduced. Thus, time used for conver-
sion operation of pixel signals that pixels at one row output
may be reduced.



US 9,225,923 B2

11

According to the operations of the comparator circuit 9,
counter circuit 11, and memory 13 to be performed from the
point-in-time t13 to point-in-time t15, an analog signal output
from the operational amplifier 8 via the clamp capacitor C3 is
converted into a digital signal. Hereinafter, the operations that
the comparator circuit 9, counter circuit 11, and memory 13
perform from the point-in-time t13 to point-in-time t15 will
collectively be referred to as N conversion. The digital signal
held at the memory 13 by this N conversion is the digital
signal N.

Atpoint-in-time t16, the transfer pulse ¢ T1 is changed to H
level. Thus, signal charge generated by photoelectric conver-
sion at the photodiode 1 is transferred to the input node of the
amplifier MOS transistor 5. Thus, the signal A which is one of
the signal S is output (with the present embodiment, the signal
A and signal A+B are output in a time-sharing manner as the
signal S). After the signal A is output from the pixel 100 to the
clamp capacitor C0, the transfer pulse ¢ T1 is turned to L level.
The operational amplifier 8 amplifies the signal A output from
the pixel 100 via the clamp capacitor C0, and outputs this to
the comparator circuit 9 via the clamp capacitor C3.

At point-in-time t17, the ramp signal generator circuit 10
starts changing of the ramp signal VRAMP. Further, the com-
parator circuit 9 starts comparison operation between the
signal output from the operational amplifier 8 via the clamp
capacitor C3 and the ramp signal VRAMP. Further, the
counter circuit 11 also starts, as with the previous case of the
signal N, counting of the clock pulse signal CLK at the same
time as the ramp signal VRAMP starts changing of the signal
level.

For example, at point-in-time t18, let us say that the mag-
nitude relation between the signal A output from the opera-
tional amplifier 8 via the clamp capacitor C3 and the ramp
signal VRAMP is reversed. In response to this, the compara-
tor circuit 9 outputs the latch signal LAT to the counter circuit
11. The counter circuit 11 to which the latch signal LAT has
been output stops output of the count signal to the memory 13.
The memory 13 holds the count signal at the point-in-time
t14. The ramp signal generator circuit 10 ends changing of the
ramp signal VRAMP at point-in-time t19.

According to the operations of the comparator circuit 9,
counter circuit 11, and memory 13 to be performed from the
point-in-time t17 to point-in-time t19, an analog signal output
from the operational amplifier 8 via the clamp capacitor C3 is
converted into a digital signal. Hereinafter, the operations that
the comparator circuit 9, counter circuit 11, and memory 13
perform from the point-in-time t17 to point-in-time t19 will
collectively be referred to as A conversion. The digital signal
held at the memory 13 by this A conversion is the digital
signal A.

Next, at point-in-time t20, the digital signal N in the signal
line N 15, and the digital signal A in the signal line S 16 are
transferred from the memory 13 to the outside of the imaging
apparatus. “Outside of the imaging apparatus” means, for
example, a later-described digital signal processing circuit.
With the present embodiment, though transfer of the digital
signal N and digital signal A to the outside of the imaging
apparatus is performed at this point-in-time t20, the order of
this may be before or after the transfer pulse ¢T2 at the
point-in-time t21. It is desirable that transfer of the digital
signal A and digital signal N is ended by time point-in-time
124 when later-described A+B conversion is ended. Thus,
later-described transfer of the digital signal A+B and digital
signal N may be performed immediately after end of A+B
conversion.

Next, at point-in-time t21, the transfer pulse ¢T2 is
changed to H level. Thus, signal charge generated by photo-
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electric conversion at the photodiode 51 is transferred to the
input node of the amplifier MOS transistor 5. The signal
charge from the photodiode 1 has already been held at the
input node of the amplifier MOS transistor 5. Accordingly,
signal charge from both of the photodiodes 1 and 51 is held at
anFD area by changing the transfer pulse 12 to H level. With
the vertical signal line 7, a signal based on the potential of the
input node of the amplifier MOS transistor 5 to which the
signal charge of both of the photodiodes 1 and 51 has been
transferred, i.e., the signal A+B is output. Accordingly, the
operational amplifier 8 amplifies the signal A+B output from
the pixel 100 via the clamp capacitor C0, and outputs this to
the comparator circuit 9 via the clamp capacitor C3.

At point-in-time 122, the ramp signal generator circuit 10
starts changing of the ramp signal VRAMP. Further, the com-
parator circuit 9 starts comparison operation between the
signal output from the operational amplifier 8 via the clamp
capacitor C3 and the ramp signal VRAMP. Further, the
counter circuit 11 also starts, as with the previous case of the
signal N, counting of the clock pulse signal CLK at the same
time as the ramp signal VRAMP starts changing of the signal
level.

For example, at point-in-time 123, let us say that the mag-
nitude relation between the signal output from the operational
amplifier 8 via the clamp capacitor C3 and the ramp signal
VRAMP is reversed. In response to this, the comparator cir-
cuit 9 outputs the latch signal LAT to the counter circuit 11.
The counter circuit 11 to which the latch signal LAT has been
output stops output of the count signal to the memory 13. The
memory 13 holds the count signal at the point-in-time t23.
The ramp signal generator circuit 10 ends changing of the
ramp signal VRAMP at point-in-time t24.

According to the operations of the comparator circuit 9,
counter circuit 11, and memory 13 to be performed from the
point-in-time t22 to point-in-time t24, an analog signal output
from the operational amplifier 8 via the clamp capacitor C3 is
converted into a digital signal. Hereinafter, the operations that
the comparator circuit 9, counter circuit 11, and memory 13
perform from the point-in-time t22 to point-in-time t24 will
collectively be referred to as A+B conversion. The digital
signal held at the memory 13 by this A+B conversion is the
digital signal A+B.

Next, at point-in-time 125, the digital signal N in the signal
line N 15 obtained by N conversion, and the digital signal
A+B in the signal line S 16 obtained by A+B conversion are
transferred from the memory 13 to the outside of the imaging
apparatus. The outside of the imaging apparatus is a digital
signal processing circuit which is an example of an output
signal processing unit 155 of the imaging system exemplified
in FIG. 16, for example. This digital signal processing circuit
performs processing to obtain difference between the digital
signal A and the digital signal N, and to obtain difference
between the digital signal A+B and the digital signal N, or
processing to obtain the digital signal B by computing differ-
ence between the digital signal A+B and the digital signal A,
or the like. The digital signal B is a digital signal assumed to
be obtained by converting the signal B to be output when the
input node of the amplifier MOS transistor 5 holds signal
charge held at the photodiode 51 alone without matching
between the signal charge at the photodiode 1 and the signal
charge at the photodiode 51 at the input node of the amplifier
MOS transistor 5, into a digital signal as with A conversion.
The digital signal processing circuit may perform focal-point
detection according to the phase diftference detecting method
using the digital signal A and digital signal B. Also, an image
may be formed using the digital signal A+B obtained by
converting the signal A+B output from each pixel by A+B
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conversion. Also, a noise-level signal generated from the
pixel 100 or operational amplifier 8 or the like superimposed
on the digital signal A and digital signal A+B may be reduced
by the digital signal processing circuit subtracting the digital
signal N from each of the digital signal A and digital signal
A+B.

Though description has been made so far regarding the
operation to read out pixel signals of the pixels 100 in the first
row of the imaging apparatus illustrated in FIG. 2, the same
operation may also be applied to the pixels in the second row.

Next, description will be made regarding operation to read
out pixel signals of the pixels 100 in the third row of the
imaging apparatus illustrated in FIG. 2, with reference to FI1G.

Inthe event ofreading out the pixel signals of the pixels 100
in the third row as well, the operation according to N conver-
sion may be taken as the same as described with readout
operation of the pixel signals of the pixels 100 in the first row.
Specifically, the operation at each of the point-in-time t31,
132, 133, 134, and t35 in the event of reading out the pixel
signals of the pixels 100 in the third row may be taken as with
the operation at each of the point-in-time t11, t12, t13, t14,
and t15 in the event of reading out the pixel signals in the first
row.

The pixels 100 in the third row do not perform transfer
operation of the signal A at the point-in-time t16, and opera-
tion of A conversion at the point-in-time t17 to the point-in-
time t19, which have been described in the readout operation
of the pixel signals of the pixels 100 in the first row. Also, A
conversion is not performed, and accordingly, operation to
transfer the digital signal A and digital signal N at the point-
in-time t20 is also not performed.

With regard to the pixels 100 in the third row, operation is
performed wherein the pixels 100 output the signal A+B, and
the digital signal A+B is obtained at the signal processing
circuit 101.

With operation wherein the pixels 100 in the third row
output the signal A+B, first, at pint-in-time t36, the transfer
pulses ¢T1 and ¢ T2 are both changed to H level. Thus, signal
charge generated by photoelectric conversion at the photo-
diodes 1 and 51 is transferred to the input node of the ampli-
fier MOS transistor 5. Thus, a signal based on the potential of
the input node of the amplifier MOS transistor 5 which holds
signal charge transferred from the photodiodes 1 and 51, i.e.,
the signal A+B is output from the pixels 100 to the vertical
signal line 7. Hereinafter, the operation relating to A+B con-
version to convert the signal A+B into a digital signal may be
taken as the same operation as the operation to perform A+B
conversion in the event of reading out the pixel signals of the
pixels 100 in the first row. Specifically, the operation at point-
in-time t37, t38, and t39 in the event of performing A+B
conversion on the pixel signals of the pixels 100 in the third
row may be taken as same operation as the operation at the
point-in-time t22, 123, and t24 in the event of performing A+B
conversion on the pixel signals of the pixels 100 in the first
row.

Operation to transfer the digital signal A+B obtained by
A+B conversion from the memory 13 to be performed at
point-in-time t40 may also be taken as the same operation as
the operation at the point-in-time t25 in the event of reading
out the pixel signals from the pixels 100 in the first row.

In this manner, in the event of reading out the pixel signals
of the pixels 100 in the third row, operation to read out the
signal A+B alone is performed without performing operation
to read out the signal A. Accordingly, the operation to read out
the signal A, and the operation to perform A conversion are
not performed, and accordingly, time used for these opera-
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tions may be reduced. Specifically, in the event of reading out
the pixel signals of the pixels 100 in the third row, the period
from the point-in-time t16 to point-in-time t19 in the event of
reading out the pixel signals of the pixels 100 in the first row
may be reduced. Accordingly, as compared to the case of
performing operation to read out the signal A and signal A+B
at the pixels 100 at all of the rows of the imaging apparatus,
the pixels 100 not performing output of the signal A are
included, and accordingly, the period relating to the analog-
to-digital conversion operation may be reduced. Also, the
pixels 100 not to perform output of the signal A are included,
and accordingly, the number of times for the memory 13 of
the multiple columns outputting the digital signal A within
one frame period is reduced. Thus, time for reading out the
digital signals from the imaging apparatus may be reduced.

FIG. 7B is a timing chart representing a vertical synchro-
nizing signal VD, ¢SEL-T which is a total period of selection
pulses ¢SEL to be given to each row of the pixel unit, and
SIGOUT-T which is a period when signals are output from
the memory 13 of multiple columns. After changing the ver-
tical synchronizing signal VD to H level, the vertical scanning
circuit 2 sequentially changes the selection pulse ¢SEL cor-
responding to the pixels 100 at each row to H level. The
horizontal scanning circuit 14 sequentially outputs a digital
signal from the signal processing circuit 101 of each column.
As described above, one frame is a period after the vertical
synchronizing signal VD is changed to H level, until the
vertical synchronizing signal VD changes to H level next.
Within this one frame period, the digital signal N, digital
signal A, and digital signal A+B which are signals based on
pixel signals from the imaging apparatus are output.

In the event of reading out the signal A and signal B, after
the pixel 100 performs output of the signal A, the reset pulse
¢R has to be changed to H level once and then changed to L
level, and the transfer pulse ¢ T2 has to be changed to H level
after resetting the potential of the input node of the amplifier
MOS transistor 5. Specifically, with the operation timing
chart described in FIG. 6, the reset pulse ¢R has to be kept in
H level from the point-in-time t19 to point-in-time t21, and
further has to be returned to L level. With the present embodi-
ment, the period from the point-in-time t11 to point-in-time
t12 may be taken as the period to keep the reset pulse ¢R in H
level, and accordingly, output operation of pixel signals may
be performed at higher speed.

With the present embodiment, after outputting the signal
N, signal A, and signal A+B from the pixels 100 in the first
row, the signal N, signal A, and signal A+B from the pixels
100 in the second row are output. Now, comparison will be
made between this mode and a mode wherein the signal N and
signal A are output from the pixels 100 in the first and second
rows, and then the signal A+B is sequentially output from the
pixels 100 in the first row to the fourth row (hereinafter, this
mode will be referred to as a reference mode). With the
reference mode, there is a period to read out the signals A in
the first and second rows until the signals A+B of the pixels
100 in the first row after outputting the signals N from the
pixels 100 in the first row. Accordingly, as compared to the
mode according to the present embodiment, with the refer-
ence mode, the period until the signals A+B in the first row are
output after reading out the signals N in the first row is longer.
Thus, difference between the noise level when the pixels 100
in the first row output the signal N and the noise level when the
pixels 100 in the first row output the signal A+B is readily
caused. That is to say, influence of random noise as to the
signals A+B increases. Accordingly, the reference mode is
readily deteriorated in image quality and distance measure-
ment precision as compared to the mode according to the
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present embodiment. With the mode according to the present
embodiment, for example, after outputting the signals N of
the pixels 100 in the first row, the signals A+B from the pixels
100 in the first row are obtained before changing to the read-
out operation from the pixels 100 at other rows. Therefore,
influence of random noise as to the signals A+B may be
suppressed and image quality and distance measurement pre-
cision may be improved as compared to the reference mode.
Also, with the reference mode, a row including the pixels 100
to output the signal A in addition to the signal A+B performs
vertical scanning twice of output for the signals A and output
for the signals A+B. With the present embodiment, output of
signal A and signals A+B is performed with pixels 100 of one
row in one vertical scan. Thus, with the mode according to the
present embodiment, time relating to vertical scanning may
be reduced as compared to the reference mode.

With the present embodiment, in the event of reading out
the pixel signals in the first row, description has been made
regarding an example wherein time relating to transfer of the
digital signals A and digital signals N is shorter than time
when the ramp signal VRAMP in A+B conversion changes.
However, a mode may be employed wherein time relating to
transfer of the digital signals A and digital signals N is longer
than time when the ramp signal VRAMP in A+B conversion
changes, by time T. With this mode, at the time of reading out
pixel signals in the third row, in addition to the period relating
to readout operation of the signals A and operation to perform
A conversion, the period of this time T may also be reduced.

The present embodiment illustrates a mode wherein the
counter circuit 11 is included in each of the signal processing
circuits 101. As another mode, a so-called common-counter-
type analog-to-digital conversion circuit may be employed
wherein the counter circuit 11 is provided separately from the
signal processing circuits 101, and the count signal CKn is
output common to the signal processing circuit 101 at each
column. The clock signal CLK is supplied from the TG 12 to
the counter circuit 11. The counter circuit 11 generates an
n-bit count signal CKn based on the clock pulse signal CLK.
FIG. 8 illustrates an example of a common-counter-type ana-
log-to-digital conversion circuit. The counter pulse circuit 11
outputs the count signal CKn common to the memory 13 at
each column. The memory 13 performs acquisition of the
count signal CKn output from the counter circuit 11 when the
latch signal LAT is output from the comparator circuit 9. This
acquired count signal CKn is a digital signal held at the
memory 13. With such a common-counter-type analog-to-
digital conversion circuit as well, the present embodiment
may suitably be implemented.

Also, with the present embodiment, description has been
made based on the mode wherein the pixels 100 output the
signal A+B based on two photoelectric conversion units and
the signal A which is a signal based on one photoelectric
conversion unit. The present embodiment is not restricted to
this mode. Specifically, a mode may suitably be implemented
wherein each of multiple pixels outputs a first pixel signal
base on m (m is an integer) photoelectric conversion units
which each ofthe multiple pixels includes, and a part of pixels
of the multiple pixels which output this first pixel signal
further output a second pixel signal based on n (n is an integer
smaller than m) photoelectric conversion units. According to
this mode, as compared to a case of performing operation to
read out the first pixel signal and second pixel signal at all of
the pixels, there are pixels not performing output of the first
pixel signal, and accordingly, a period relating to analog-to-
digital conversion operation may be reduced. Also, the num-
ber of times for the memory 13 at multiple columns output-
ting a digital signal based on the first pixel signal within one
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frame period is reduced. Accordingly, time to read out digital
signals from the imaging apparatus may be reduced. Also,
with the m photoelectric conversion units, the m may be a
number smaller than the number of photoelectric conversion
units which the one pixel 100 includes. Specifically, with the
imaging apparatus according to the present embodiment, if
we say that the number of photoelectric conversion units
which the one pixel 100 includes is j (j is an integer), a mode
having a relation of jzm>n is desirable.

Also, with the present embodiment, as illustrated in FIG.
7B, a mode has been described wherein one frame period is a
period after the vertical synchronizing signal VD is changed
to H level once, until the vertical synchronizing signal VD
changes to H level next. As another mode, for example, a
mode may be employed wherein one frame period has a field
to output pixel signals from the pixels 100 in the even rows,
and a field to output pixel signals from the pixels 100 in the
odd rows, as with interlaced signal output, for example. That
is to say, a mode may be employed wherein the vertical
scanning circuit 2 performs selection of the multiple pixels
100 by dividing the pixels 100 into multiple fields. For that
matter, the pixels 100 do not have to be divided into fields of
even rows and odd rows, and a mode may be employed
wherein pixel signals are output with a first field regarding a
certain row, and pixel signals are output with a second field
regarding the other rows.

Second Embodiment

One of the present embodiment is a mode wherein with the
imaging apparatus exemplified in the first embodiment, as
illustrated in FIG. 1B, each of a pixel 100 to output the signal
A and signal A+B, and a pixel 100 to output the signal A+B
alone is included in all of the rows in the pixel unit.

The horizontal scanning circuit 14 according to the present
embodiment is a decoder which enables digital signals to be
transferred by selecting the memory 13 to transfer digital
signals from the memory 13 in multiple columns, other than
operation to sequentially scan the memory 13 in each row.

FIG. 9A schematically illustrates a part of the pixels 100 of
the imaging apparatus exemplified in FIG. 1B by extraction.
The signal A and signal A+B are output from all of the pixels
illustrated in FIG. 9A. However, with both of the first and
second rows, the signals A and signals A+B which the pixels
in the second and third columns output are used, and the
signals A+B alone other than the signals A which the pixels in
the first and fourth columns output are used.

Operation to read out pixel signals from the pixels 100 in
the first row will be described primarily with regard to points
different from the first embodiment. The operations of the
pixels 100 and signal processing circuits 101 according to the
present embodiment may be the same as the operations the
first row of the imaging apparatus exemplified in FIG. 2, i.e.,
the operations exemplified in FIG. 6, described in the first
embodiment. According to such operations, with the imaging
apparatus according to the present embodiment, the signals
N, signals A, and signals A+B are held in all of the memory 13
to which pixel signals are transferred from the pixels 100.

FIG. 9B schematically illustrates signals which the
decoder 14 which is the horizontal scanning circuit according
to the present embodiment transfers. Digital signals based on
the pixel signals of the pixels 100 in each of the first to fourth
columns of the imaging apparatus exemplified in FIG. 9A are
held in each of the memory 13-1 to memory 13-4. Hereinaf-
ter, with regard to the digital signals which the memory 13-1
in the first column holds, the digital signals will be referred to
as N1, the digital signals A will be referred to as A1, and the
digital signals A+B will be referred to as A1+B1, by append-
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ing a column number counted from the left in the drawing to
each digital signal. This is true regarding the second to fourth
columns.

The decoder 14 first selects the memory 13-2 in the second
column, and causes the digital signal processing circuit to
output N2 and A2 from the memory 13-2. The digital signal
processing circuit obtains (A2-N2) which is a difference
signal between the output N2 and A2. Next, the decoder 14
selects the memory 13-3 in the third column, and causes the
digital signal processing circuit to output N3 and A3 from the
memory 13-3. The digital signal processing circuit obtains, in
the same way as with the case of the memory 13-2 in the
second column, (A3-N3) which is a difference signal
between the N3 and A3.

Next, the decoder 14 sequentially selects the memory 13-1
to memory 13-4 in each column, and causes the digital signal
processing circuit to output the digital signals A+B. Specifi-
cally, the decoder 14 selects the memory 13-1 in the first
column, and causes the digital signal processing circuit to
output N1 and A1+B1 from the memory 13-1. The digital
signal processing circuit obtains (A1+B1-N1) which is a
difference signal between the N1 and A1+B1. Also, the
decoder 14 performs the same operation regarding the
memory 13-2 to memory 13-4 in the second to fourth col-
umns. Also, the digital signal processing circuit also performs
the same operation as with the case where N1 and A1l are
output from the memory 13-1 in the first column. Thus, the
digital signal processing circuit obtains difference signals
(A2+B2-N2), (A3+B3-N3), and (A4+B4-N4), respectively.

Next, the digital signal processing circuit obtains differ-
ence between the difference signal (A2-N2) obtained by
outputting N2 and A2 from the memory 13-2 in the second
column, and the difference signal (A2+B2-N2) obtained by
outputting N2 and A2+B2. Specifically, the digital signal
processing circuit performs processing of (A2+B2-N2)-
(A2-N2) to obtain B2. The digital processing circuit per-
forms the same processing regarding the memory 13-3 in the
third column to obtain B3. Thus, based on the pixel signals
that the pixels 100 in the second column and third column of
the first row output, A2 and B2, and A3 and B3 may be
obtained. Focal-point detection according to the phase difter-
ence detecting method may be performed using these A2 and
B2, and A3 and B3. Though description has been made so far
regarding the pixels 100 in the first row, the same operation
may also be applied to the pixels 100 in the second row.

With the present embodiment, operation to output N1 and
Al, and N4 and A4 from the memory 13-1 and memory 13-4
in the first and fourth columns has not been performed.
Accordingly, with the present embodiment, time used for
outputting the N1 and A1, and N4 and A4 may be reduced.
Accordingly, operation to obtain the signals A while obtain-
ing the signals A+B may be performed at high speed.

Next, the imaging apparatus exemplified in FIG. 1C which
is another one of the present embodiment, will be described.
This is amode wherein of pixels in multiple rows and multiple
column of the imaging apparatus, pixels included in a part of
area output the signals A and signals A+B. Specifically, this is
amode where arow not outputting the signals A is included in
the imaging apparatus exemplified in FIG. 1B.

With regard to the imaging apparatus exemplified in FIG.
1C, operation to read out pixel signals from the pixels 100 in
arow which outputs no signal A may be the same operation as
the operation descried with reference to FIG. 7 in the first
embodiment, and N conversion and A+B conversion may be
performed.

Also, operation to read out pixel signals from the pixels 100
in a row which outputs the signals A may be the same opera-
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tion described so far in the present embodiment. Specifically,
N conversion, A conversion, and A+B conversion are per-
formed according to the operation described with reference to
FIG. 6 in the first embodiment. Further, as described with
reference to FIG. 9B, the decoder 14 causes the digital signal
processing circuit to output the digital signals from the
memory 13 which holds the digital signals A and digital
signals N based on the pixel signals from the pixels 100 which
also output the signal A. Thereafter, the decoder 14 causes the
digital signal processing circuit to output the digital signals N
and digital signals A+B from the memory 13 which holds the
digital signals A+B. Thus, the digital signal processing circuit
performs focal-point detection according to the phase differ-
ence detecting method by obtaining the digital signals B
regarding a row which output the digital signals A, and also
performs image formation using the digital signals A+B.

In the event of the imaging apparatus exemplified in FIG.
1C, with operation to read out pixel signals of the pixels 100
in a row which outputs no signal A, A conversion is not
performed, and accordingly, time relating to A conversion
may be reduced. Also, a row which also outputs the signals A
also includes, in the same way as with the imaging apparatus
exemplified in FIG. 1B, a column which does not perform
output of the signals A to the digital signal processing circuit.
Thus, time relating to output of the digital signals A from the
memory 13 to the digital signal processing circuit may be
reduced. Accordingly, operation to obtain the signals A while
obtaining the signals A+B may be performed at high speed.

With the present embodiment, a mode has been described
as with FIGS. 1B and 1C wherein operation is performed so
as to output the signals A and signals A+B. However, the
present embodiment is not restricted to this, e.g., the pixels
100 to output the signals A may be selected according to the
color the color filter 22. For example, with the imaging appa-
ratus exemplified in FIG. 2, in the event that the pixels 100
including a G (Green)-color filter 22 are pixels to output the
signals A, the pixels 100 in the first and third columns regard-
ing the first and third rows, and in the second and fourth
columns regarding the second and fourth rows output the
signals A. This output operation of the signals A may be
performed based on the operation described with reference to
FIG. 6 in the present embodiment and the first embodiment.
Also, readout of digital signals held at the memory may be
operated as described with reference to FIG. 9B in the present
embodiment. According to such operation, when selecting
the pixels 100 to output the signals A according to the color of
the color filter 22 as well, operation to obtain the signals A
while obtaining the signals A+B may be performed at high
speed.

Also, array of the pixels 100 to output the signals A in
FIGS. 1A to 1C described in the first and second embodi-
ments may variably be set using the TG 12. As another mode,
array of the pixels 100 to output the signals A may be setbased
on setting information to be supplied to the imaging apparatus
by serial communication from the outside of the imaging
apparatus, or the like. Examples of the outside of the imaging
apparatus include the overall control and computing unit
1510 of the imaging system exemplified in a later-described
FIG. 16. Also, array of the pixels 100 to output the signals A
may be set based on optical base length or a distance mea-
surement point to be used, for example.

Also, with the present embodiment, description has been
made based on the mode wherein the pixels 100 output the
signals A+B which are signals based on two photoelectric
conversion units, and the signals A which are signals based on
one photoelectric conversion unit. The present embodiment is
not restricted to this mode. Specifically, each of the multiple
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pixels outputs a second signal within one frame period based
on the signal charge of the m (m is an integer) photoelectric
conversion units which each of the multiple pixels includes.
Each of at least a part of pixels of the multiple pixels further
outputs a first signal based on the signal charge of n (n is an
integer smaller than m) photoelectric conversion units which
each of the pixels includes. The imaging apparatus outputs
signals based on the second signals of the multiple pixels, and
further outputs signals based on the first signals of the part of
pixels of the multiple pixels within one frame period. This
mode may suitably be implemented. According to this mode,
as compared to a case where the imaging apparatus outputs
signals based on the second signal and signals based on the
first signal from all of the pixels, a period relating to output of
signals based on the first signal may be reduced. Thus, read-
out time of digital signals from the imaging apparatus may be
reduced.

Also, with the present embodiment, a mode has been
described wherein the horizontal scanning circuit 14 is a
decoder, and the signals A are output from part of the memory
13. As another mode, an arrangement may be made wherein,
as exemplified in FIG. 10, multiple transfer pulses ¢T1-1 and
¢T1-2 are provided from the vertical scanning circuit 2 to the
photodiodes 1 with respect to the pixels 100 in one row.
Specifically, of the pixels 100 in one row, the transfer pulse
¢T1-11s changed to H level regarding the pixels 100 to output
the signal A and signal A+B, and thereafter, the transfer pulse
¢T2 is changed to H level. On the other hand, with regard to
the pixels 100 to output the signal A+B alone, the transfer
pulse $T1-2 has to be changed to H level while the transfer
pulse ¢12 is in H level without changing the transfer pulse
¢T1-1 to H level. Also, another mode may be made wherein
instead of providing the multiple transfer pulses ¢T1, as the
selection pulse ¢SEL to select pixels in one row, one of
multiple selection pulses ¢SEL1 and ¢SEL2 is given to the
pixels 100 in one row. Specifically, a mode may be made
wherein, with regard to pixels to output the signal A and
signal A+B, the selection pulse ¢SEL-1 to change to H level
while the transfer pulses ¢$T1 and ¢ T2 are in H level is given.
With regard to pixels 100 to output the signals A+B alone, the
selection pulse ¢SEL-2 which is in L. level during the transfer
pulse ¢T1, and changes to H level when the transfer pulse ¢ T2
is in H level is given. These modes include a vertical scanning
circuit which causes, during a period while signals based on
signal charge of the m photoelectric conversion units, and
signals based on signal charge ofn (less than m) photoelectric
conversion units are output from the pixels 100 in a certain
row, another pixel in the same row not outputting the signals
based on the signal charge of the n photoelectric conversion
units but to output the signals based on the signal charge of the
m photoelectric conversion units.

Third Embodiment

An equivalent circuit of the imaging apparatus according to
the present embodiment is exemplified in FIG. 11. The imag-
ing apparatus according to the present embodiment has a
mode wherein the photodiodes 1 and 51 included in the pixels
100 transfer signal charge to the input nodes of different
amplifier MOS transistors 5-1 and 5-2, respectively. With the
pixels according to the first embodiment, the two photodiodes
are electrically connected to the input node of the single
amplifier MOS transistor 5, and pixel signals are output to the
vertical signal line 7 by the single amplifier MOS transistor 5.
On the other hand, with the present embodiment, there are
provided pixels to output the signals A to the vertical signal
line (hereinafter, also referred to as pixels A) and pixels to
output the signals B thereto (hereinafter, also referred to as
pixels B). Specifically, the two photodiodes which receive

10

15

20

25

30

35

40

45

50

55

60

65

20

light transmitted from the same micro lens output pixel sig-
nals to mutually different vertical signal lines via mutually
different amplifier MOS transistors. Vertical signal lines 7-1
and 7-2 electrically connected to each of a pixel A and a pixel
B are electrically connected with a node A. One pixel to
output the signal A+B is configured of a pixel A and a pixel B
which output pixel signals to the vertical signal lines electri-
cally connected by this node A.

Further, the present embodiment is a mode wherein the
operational amplifier 8 included in the imaging apparatus
exemplified in the first embodiment is not provided. With the
present embodiment as well, in the event of amplifying pixels
signals to be output from the pixels 100, the operational
amplifier 8 may be provided upstream of the comparator
circuit 9 in the same way as with the imaging apparatus
described in the first embodiment.

Hereinafter, description will be made with reference to
FIG. 11. Note that a component having the same function as
with a component illustrated in the imaging apparatus exem-
plified in FIG. 4 is denoted in FIG. 11 with the same reference
symbol as the reference symbol denoted in F1G. 4. Also, in the
event that the pixels A and pixels B each have a component
having the same function, a branch number is appended
thereto. For example, the amplifier MOS transistor is denoted
as 5-1 regarding the pixels A, and is denoted as 5-2 regarding
the pixels B. Hereinafter, this is true for the reset MOS tran-
sistor 4, selection MOS transistor 6, vertical signal line 7, and
clamp capacitor C0. The common reset pulse ¢R is supplied
to the reset MOS transistors 4-1 and 4-2. Also, the common
transfer pulse ¢T1 is also supplied to the transfer MOS tran-
sistors 20 and 50. Also, the common selection pulse ¢SEL is
also supplied to the selection MOS transistors 6-1 and 6-2.

The selection MOS transistors 6-1 and 6-2 which the pixels
A and pixels B include respectively are electrically connected
to the vertical signal lines 7-1 and 7-2, respectively. The
vertical signal lines 7-1 and 7-2 are electrically connected
withthe node A. Also, a switch SW6 is provided to the vertical
signal line 7-2. This switch SW6 is a switch to switch whether
to perform output to the comparator circuit 9 of the signals B
of the pixels B via the clamp capacitor C0-2. Specifically,
when the switch SW6 is on, the signals B are output to the
comparator circuits 9 via the clamp capacitor C0-2, and when
the switch SW6 is off, the signals B are not output to the
comparator circuit9. Note that, with the present embodiment,
a signal line from the node A to the comparator circuit 9 will
be referred to as vertical signal line 7, and is distinguished
from the vertical signal lines 7-1 and 7-2 electrically con-
nected to the pixels A and pixels B respectively.

Hereinafter, as with the first embodiment describe with
reference to FIG. 1A, a mode will be described wherein all of
the pixels in a part of rows output the signal A and signal A+B.
Also, in FIG. 1A, a pixel included in an area where A and A+B
are described together outputs the signal A, and then outputs
the signal A+B. In FIG. 1A, a pixel included in an area where
A+B alone is described does not output the signal A but
output the signal A+B.

Next, FIG. 12A illustrates, of the imaging apparatus exem-
plified in FIG. 11, an example of operation timing of a row to
output the signal A and signal A+B. A switch pulse ¢$S1
illustrated in F1G. 12A is a pulse signal to switch on/off of the
switch SW6 exemplified in FIG. 11. When the ¢S1 is in H
level, the switch SW6 is on, and when the ¢S1 is in L. level, the
switch SW6 is off.

At point-in-time t60, the reset pulse ¢R is changed to H
level. Also, at the point-in-time t60, the selection pulse ¢SEL,
switch pulses ¢C and ¢S1 are changed to H level. According
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to this operation, the charge of the input nodes of the amplifier
MOS transistors 5-1 and 5-2, and the clamp capacitors C0-1,
C0-2, and C4 are reset.

At point-in-time t61, the reset pulse R and switch pulse
¢C are changed to L level. The switch pulse ¢S1 is still in H
level.

At point-in-time t62, N conversion is started. The ramp
signal generator circuit 10 starts changing of the ramp signal
VRAMP. The comparator circuit 9 starts comparison opera-
tion between the signal N given to the vertical signal line 7 via
the clamp capacitors C0-1 and C0-2 and the ramp signal
VRAMP supplied from the ramp signal generator circuit 10.
Also, the counter circuit 11 starts counting of the clock pulse
signal CLK at the same time as the ramp signal generator
circuit 10 starts changing of the ramp signal VRAMP, and
outputs the count signal which is a counting result to the
memory 13.

For example, let us say that a magnitude relation between
the signal N output to the node A and the ramp signal VRAMP
was reversed at point-in-time t63. In response to this, the latch
signal LAT that the comparator circuit 9 outputs is changed.
Upon this latch signal LAT being changed, the counter circuit
11 stops output of the count signal to the memory 13. The
memory 13 holds the count signal at this point-in-time t63.
The ramp signal generator circuit 10 ends changing of the
ramp signal VRAMP at point-in-time t64. Also, the switch
pulse ¢S1 is changed to L level at point-in-time t64.

Atpoint-in-time t65, the transfer pulse ¢ T1 is changed to H
level. Signal charge is transferred to the input node of the
amplifier MOS transistor 5-1 from the photodiode 1, and is
transferred to the input node of the amplifier MOS transistor
5-2 from the photodiode 51. Thus, the signal A is output to the
vertical signal line 7-1, and the signal B is output to the
vertical signal line 7-2. The switch pulse $S1isin L level, and
accordingly, the signal A is output to the node A.

At point-in-time 166, A conversion is started. The ramp
signal generator circuit 10 starts changing of the ramp signal
VRAMP. The comparator circuit 9 starts comparison opera-
tion between the signal A output to the vertical signal line 7
and the ramp signal VRAMBP. Further, the counter circuit 11
starts, in the same way as with the previous case of the signals
N, counting of'the clock pulse signal CLK at the same time as
the ramp signal generator circuit 10 starts changing of the
signal level of the ramp signal VRAMP.

For example, let us say that a magnitude relation between
the signal A outputto the node A and the ramp signal VRAMP
was reversed at point-in-time t67. In response to this, the latch
signal LAT that the comparator circuit 9 outputs is changed.
Upon this latch signal LAT being changed, the counter circuit
11 stops output of the count signal to the memory 13. The
memory 13 holds the count signal at this point-in-time t67.
The ramp signal generator circuit 10 ends changing of the
ramp signal VRAMP at point-in-time t68.

After changing of the ramp signal VRAMP is ended at the
point-in-time t68, the digital signal N and digital signal A
obtained by the previous N conversion and A conversion are
transferred to the digital signal processing unit. With the
present embodiment, though transfer of the digital signal N
and digital signal A to the digital signal processing unit is
performed at point-in-time t70, the order of this may be
before or after the switch pulse $S1 at the point-in-time t69. It
is desirable that transfer of the digital signal A and digital
signal N is ended by time point-in-time t73 when later-de-
scribed A+B conversion is ended. Thus, later-described trans-
fer of the digital signal A+B and digital signal N may be
performed immediately after end of A+B conversion.
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At point-in-time 169, the switch pulse ¢S1 is changed to H
level. Thus, the signal A+B is output to the node A.

At point-in-time t71, A+B conversion is started. The ramp
signal generator circuit 10 starts changing of the ramp signal
VRAMP. Further, the comparator circuit 9 starts comparison
operation between the signal A+B output to the vertical signal
line 7 and the ramp signal VRAMP. Further, the counter
circuit 11 starts, in the same way as with the previous case of
the signals N, counting of the clock pulse signal CLK at the
same time as the ramp signal VRAMP starts change in the
signal level.

For example, let us say that a magnitude relation between
the signal A+B output to the vertical signal line 7 and the ramp
signal VRAMP was reversed at point-in-time t72. In response
to this, the latch signal LAT is output from the comparator
circuit 9 to the counter circuit 11. The counter circuit 11 to
which this latch signal LAT has been output stops output of
the count signal to the memory 13. The memory 13 holds the
count signal at this point-in-time t72. The ramp signal gen-
erator circuit 10 ends changing of the ramp signal VRAMP at
point-in-time t73.

At point-in-time t74, the digital signal A+B and digital
signal N are transferred to the digital signal processing cir-
cuit.

Next, an example of operation timing of a row not output-
ting the signal A of the imaging apparatus exemplified in F1G.
11 is exemplified in FIG. 12B. Operation at point-in-time t80,
81, 182, and t83 may be the same operation at the point-in-
time t60, t61, 162, and t63 described in the operation timing of
a row to output the signal A and signal A+B, respectively.

At point-in-time t84, changing of the ramp signal VRAMP
due to N conversion is ended. Though, with the previous
operation of a row to output the signal A and signal A+B, the
switch pulse ¢S1 is changed to L level here, the switch pulse
¢S1 is still in H level regarding a row not outputting the signal
A.

Operation at point-in-time t85 is the same as the operation
at the point-in-time t65 in the previous operation timing of a
row to output the signal A and signal A+B. The transfer pulse
¢T1 is changed to H level, and accordingly, signal charge
from the photodiodes 1 and 51 is transferred to the input
nodes of the amplifier MOS transistors 5-1 and 5-2, respec-
tively. The switch pulse ¢S1 is in H level, and accordingly, the
signal A+B is output to the vertical signal line 7.

Operation at point-in-time t86, t87, 188, and t89 may be the
same operation at the point-in-time t71, t72, 173, and t74
described in the previous operation timing of a row to output
the signal A and signal A+B, respectively.

With regard to operation of a row not outputting the signal
A, in the same way as described in the first embodiment, time
to perform operation relating to A conversion, i.e., time of the
point-in-time t66 to t68 of the operation timing of a row
including a pixel to output the signal A may be reduced.

The imaging apparatus according to the present embodi-
ment includes the pixels 100 not outputting the signal A.
Thus, as compared to the case of the pixels 100 in all of the
rows of the imaging apparatus performing operation to output
the signal A and signal A+B, time to output digital signals
from the imaging apparatus within one frame period may be
reduced.

With the present embodiment, as with FIG. 1A, amode has
been described wherein all of the pixels in a part of rows
output the signal A and signal A+B. The present embodiment
is not restricted to the readout method in FIG. 1A, and the
modes exemplified in FIGS. 1B and 1C may be implemented
using a decoder as the horizontal scanning circuit 14. At this
time, the operation timing of a row to output the signal A and
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signal A+B described in the present embodiment is applied to
all of the rows in the imaging apparatus exemplified in FIGS.
1B and 1C. The digital signal N, digital signal A, and digital
signal A+B held at the memory 13 have to be read out with the
same operation as with the second embodiment.

With the imaging apparatus according to the present
embodiment as well, operation to obtain the signal A while
obtaining the signal A+B may be performed at high speed.
Fourth Embodiment

The present embodiment is a mode wherein each of the
vertical signal lines 7 does not include the comparator circuit
9 and counter circuit 11, and the memory 13 holds a voltage
value which is not a digital signal but an analog signal based
on a pixel signal to be output from the pixels 100.

FIG. 13 illustrates an example of the configuration of an
imaging apparatus relating to the present embodiment. Note
that a component having the same function as with the imag-
ing apparatus exemplified in FIG. 4 is also denoted in FIG. 13
with the same reference symbol as the reference symbol
denoted in FIG. 4.

With regard to the pixels 100 and operational amplifier 8
according to the present embodiment, the same pixels 100
and operational amplifier 8 as with the first embodiment may
be employed.

Capacitors C_N1 and C_N2 are both signal holding
capacitors to hold a signal VN obtained by the operational
amplifier 8 amplifying and outputting the signal N. Also,
capacitors C_A and C_AB are signal holding capacitors to
hold signals VA and VAB obtained by the operational ampli-
fier 8 amplifying the signal A and signal A+B, respectively.
The signal holding portions according to the present embodi-
ment are the signal holding capacitors C_A, C_N1, C_N2,
and C_AB. An offset signal Voff which the operational ampli-
fier 8 has is superimposed on each of signals VA, VN, and
VAB.

With the signal holding capacitors C_A, C_N1, C_N2, and
C_AB, the signals are output from the operational amplifier 8
via the switches 61, 62, 63, and 64, respectively. Signal writ-
ing signals ¢T_A and ¢T_AB are supplied to the gates of the
switches 61 and 64 from the TG 12, respectively. Also, a
signal writing signal ¢T_N is supplied to the gates of the
switches 62 and 63 from the TG 12. The switches 61, 62, 63,
and 64 are turned on when a signal writing signal to be
supplied the corresponding switch is in H level. That is to say,
when the switches 61, 62, 63, and 64 are on, the signals are
written in the signal holding capacitors C_A, C_N1, C_N2,
and C_AB, respectively. The signal holding capacitors C_N1
and C_N2 are memory N in which a noise-level signal which
each pixel has is held. The memory N is first memory in which
anoise-level signal which a pixel has is held. Also, the signal
holding capacitor C_A is memory S1 in which a signal based
on a pixel signal based on a part of photoelectric conversion
units of a pixel is held. The memory S1 is second memory in
which a focal-point detection signal is held. Also, the signal
holding capacitor C_AB is memory S2 in which a signal
based on a pixel signal based on multiple photoelectric con-
version units of a pixel is held. The memory S2 is third
memory in which an image obtaining signal is held.

Further, the signal holding capacitors C_N1 and C_N2 are
electrically connected to the signal line N 15 via switches 66
and 67, respectively. Also, the signal holding capacitors C_A
and C_AB are electrically connected to the signal line S 16
via switches 65 and 68, respectively. A horizontal selection
signal pH1# is supplied to the gates of the switches 65 and 66
from the horizontal scanning circuit 14. A horizontal selec-
tion signal ¢H2# is supplied to the gates of the switches 67
and 68 from the horizontal scanning circuit 14. When the
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horizontal selection signal ¢H1z changes to H level, the
switches 65 and 66 are turned on, the signal VA is output to the
signal line S 16 from the signal holding capacitor C_A, and
the signal VN is output to the signal line N 15 from the signal
holding capacitor C_N1. The switches 65 and 66 are both
turned on by the horizontal selection signal ¢H1z being
turned on, and accordingly, the signals VA and VN are syn-
chronized, and output to the signal line S 16 and signal line N
15, respectively. Similarly, when the horizontal selection sig-
nal ¢H2# changes to H level, the switches 67 and 68 are
turned on, the signal VA is output to the signal line N 15 from
the signal holding capacitor C_N2, and the signal VAB is
output to the signal line S 16 from the signal holding capacitor
C_AB. The switches 67 and 68 are both turned on by the
horizontal selection signal §H2# being turned on, and accord-
ingly, the signals VN and VAB are synchronized, and output
to the signal line N 15 and signal line S 16, respectively.

The signal line N 15 and signal line S 16 are electrically
connected to a differential amplifier 71. The differential
amplifier 71 outputs difference between signals that the sig-
nal line N 15 and signal line S 16 transmit respectively.
Specifically, in the event that the horizontal selection signal
¢H1x changes to H level, and the signal VA is output to the
signal line S 16, and the signal VN is output to the signal line
N 15, the differential amplifier 71 outputs a signal obtained by
subtracting the signal VN from the signal VA, i.e., VA-VN.
Similarly, in the event that the horizontal selection signal
¢H2#n changes to H level, and the signal VAB is output to the
signal line S 16, and the signal VN is output to the signal line
N 15, the differential amplifier 71 outputs a signal obtained by
subtracting the signal VN from the signal VAB, i.e., VAB-
VN. The focal-point detection signal according to the present
embodiment is VA, and the image obtaining signal is VAB.
That is to say, signals obtained by subtracting the signal VN
from each of the focal-point detection signal and image
obtaining signal are output from the imaging apparatus
according to the present embodiment within one frame
period.

Reset switches 69 and 70 are electrically connected to the
signal line N 15 and signal line S 16, respectively. A horizon-
tal rest pulse ¢Hc is supplied to the reset switches 69 and 70
from the TG 12. Drain voltage Vdd is supplied to the drains of
the reset switches 69 and 70. After each of the signal line N 15
and signal line S 16 outputs a signal to the differential ampli-
fier 71, the horizontal rest pulse ¢Hc is changed to H level to
turn on the reset switches 69 and 70, and to reset the potentials
of'the signal line N 15 and signal line S 16. Note that, though
drawing is omitted in FIG. 13, capacitors are electrically
connected to the signal line N 15 and signal line S 16, respec-
tively. Let us say that the capacity value of a capacitor elec-
trically connected to the signal line N 15 is CH1. For example,
with regard to a signal held at the signal holding capacitor
C_N1, a signal obtained by multiplying the signal value held
at the signal holding capacitor C_N1 by C_N1/(C_N1+CH1)
is output to the differential amplifier 71. Let us say that the
capacity value of a capacitor electrically connected to the
signal line S 16 is CH2. For example, with regard to a signal
held at the signal holding capacitor C_A, a signal obtained by
multiplying the signal value held at the signal holding capaci-
tor C_A by C_A/(C_A+CH1) is output to the differential
amplifier 71. In the event that the horizontal reset pulse ¢pHc is
changed to H level to turn on the reset switches 69 and 70, the
charge of the capacitors CH1 and CH2 are reset.

Next, FIG. 14 illustrates, with the imaging apparatus exem-
plified in FIG. 13, an example of operation timing of a row
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including a pixel to output the signal A. Pixels to output the
signal A according to the present embodiment are arrayed as
with FIG. 1A.

At point-in-time 190, the reset pulse ¢R is changed to H
level. Also, the selection pulse ¢SEL is changed to H level.
Thus, the signal N is output to the vertical signal line 7. Also,
the switch pulse pSW1 is changed to H level. Thus, the signal
N is held at the clamp capacitor C0. Also, a signal based on the
signal N is amplified, and further, a signal VN on which the
offset signal Voff of the operational amplifier 8 is superim-
posed is output. The signal wiring signal ¢T_N is also
changed to H level. Thus, writing of the signal VN is per-
formed on the signal holding capacitors C_N1 and C_N2. At
point-in-time t91, the reset pulse ¢R and switch pulse pSW1
are changed to L level.

At point-in-time t92, the signal readout switch ¢T_N is
changed to L. level. It is desirable to change the signal readout
switch ¢T_N to L level after the reset pulse ¢R is changed to
L level. This is because the reset pulse ¢R is changed to L.
level, and accordingly, the potential of the input node of the
amplifier MOS transistor 5 is changed due to charge injection
generated at the reset MOS transistor. It is desirable to hold a
signal based on the potential of the input node of the amplifier
MOS transistor 5 after this change at the signal holding
capacitors C_N1 and C_N2. The signal VN output from the
operational amplifier 8 at this point-in-time t92 is held at the
signal holding capacitors C_N1 and C_N2.

Atpoint-in-time t93, the transfer pulse ¢ T1 is changed to H
level. Thus, signal charge held at the photodiode 1 is trans-
ferred to the input node of the amplifier MOS transistor 5, and
the signal A is output from the pixel 100. Also, a signal
writing signal ¢T_A is changed to H level. Thus, the signal
VA amplified and output by the operational amplifier 8 is
written in the signal holding capacitor C_A based on the
signal A output via the clamp capacitor C0.

Atpoint-in-time t94, the transfer pulse ¢T1 is changed to L
level.

At point-in-time t95, the signal writing signal ¢T_A is
changed to L level, and the signal VA is held at the signal
holding capacitor C_A. After the signal writing signal ¢T_A
is changed to L level, the horizontal selection signal ¢H1# is
changed to H level, and the signals VA and VN are output to
the signal line S 16 and signal line N 15 from the signal
holding capacitors C_A and C_N1 respectively. After output
of the signals VA and VN from the signal holding capacitors
C_A and C_N1 is ended respectively, the horizontal selection
signal ¢H1r is changed to L level. Also, after the horizontal
selection signal ¢H1z is changed to L level, in order to reset
the potentials of the signal line N 15 and signal line S 16, the
horizontal reset pulse ¢Hc is changed to H level. After reset-
ting the potentials of the signal line N 15 and signal line S 16,
the horizontal reset pulse ¢Hc is changed to L. level. Note that,
though not illustrated in the operation timing chart in FIG. 14,
in order to output the signals VA and VN from the signal
holding capacitors C_A and C_N1 in multiple columns, the
horizontal reset pulse ¢Hc is changed to L level. Next, the
horizontal selection signal §H1# of a row to output the signals
VA and VN is changed to H level, and signals are sequentially
output to the signal line S 16 and signal line N 15. Similarly,
each time output of the signals N and S of the signals VN and
VS in one row is ended, in order to reset the potentials of the
signal line N 15 and signal line S 16, the horizontal reset pulse
¢Hc is changed to H level. Upon the potentials of the signal
line N 15 and signal line S 16 being reset, the horizontal reset
pulse ¢Hc is changed to L level. Hereinafter, with regard to
the signal holding capacitors C_A and C_N1 to which a signal
is output from a focal-point detecting pixel, similarly, supply
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operation of the horizontal selection signal ¢H1#z and hori-
zontal reset pulse ¢pHc is sequentially repeated to output the
signals VA and VN.

Atpoint-in-time 196, the transfer pulse ¢12 is changed to H
level. Thus, the signal A+B is output from the pixel 100. Also,
the signal writing signal ¢T_AB is changed to H level. Thus,
based on the signal A+B output via the clamp capacitor CO0,
the signal VAB is written in the signal holding capacitor
C_AB amplified and output by the operational amplifier 8.

Atpoint-in-time 197, the transfer pulse $T2 is changed to L.
level.

At point-in-time 198, the signal writing signal ¢T_AB is
changed to L level, and the signal VAB is held at the signal
hold capacitor C_AB. After the signal writing signal ¢T_AB
is changed to L level, the horizontal selection signal ¢H2r is
changed to H level to output the signals VAB and VN to the
signal line S 16 and signal line N 15 from the signal holding
capacitors C_AB and C_N2 respectively. After output of the
signals VAB and VN from the signal holding capacitors
C_AB and C_N2 is ended respectively, the horizontal selec-
tion signal $H2# is changed to L level. Also, after the hori-
zontal selection signal ¢H2# is changed to L level, in order to
reset the potentials of the signal line N 15 and signal line S 16,
the horizontal reset pulse ¢Hc is changed to H level. After
resetting the potentials of the signal line N 15 and signal line
S 16, the horizontal reset pulse ¢Hc is changed to L level.
Note that, though not illustrated in the operation timing chart
in FIG. 14, in order to output the signals VAB and VN from the
signal holding capacitors C_AB and C_N2 in multiple col-
umns, the horizontal reset pulse ¢Hce is changed to L level.
Next, the horizontal selection signal $H2# of a row to output
the signals VAB and VN is changed to H level to sequentially
output signals to the signal line N 15 and signal line S 16.
Similarly, each time output of the signals N and S of the
signals VN and VAB in one row is ended, in order to reset the
potentials of the signal line N 15 and signal line S 16, the
horizontal reset pulse ¢Hc is changed to H level. Upon the
potentials of the signal line N 15 and signal line S 16 being
reset, the horizontal reset pulse ¢Hc is changed to L level.
Hereinafter, with regard to the signal holding capacitors
C_AB and C_N2 to which a signal is output from each row of
pixels, similarly, supply operation of the horizontal selection
signal ¢H2# and horizontal reset pulse ¢Hc is sequentially
repeated to output the signals VAB and VN.

At point-in-time 199, the selection pulse ¢SEL is changed
to L level.

The operation timing of a row including a pixel to output
the signal A has been described so far. Next, timing operation
of'a row not including a pixel to output the signal A will be
described.

FIG. 15 illustrates an example of operation timing of a row
not including a pixel to output the signal A. Operation at
point-in-time t110, till, and t112 may be the same as operation
atthe point-in-time 190, 191, and t92 in the operation timing of
a row including a pixel to output the signal A.

At point-in-time t113, the transfer pulses ¢$T1 and ¢ T2 are
changed to H level. Thus, the signal A+B is output to the
vertical signal line 7 from the pixel 100. Also, the signal
writing signal ¢T_AB is changed to H level. Thus, based on
the signal A+B output via the clamp capacitor C0, the signal
VAB amplified and output by the operational amplifier 8 is
written in the signal holding capacitor C_AB.

At point-in-time t114, the transfer pulses $T1 and ¢ T2 are
changed to L level.

At point-in-time t115, the signal writing signal ¢T_AB is
changed to L level. Thus, the signal VAB is held at the signal
holding capacitor C_AB. After changing the signal writing
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signal ¢ T_AB to L level, the horizontal selection signal ¢H2»
is changed to H level. At point-in-time t112, in the same way
as the point-in-time t92 at the operation timing of a row
including a pixel to output the signal A described in FIG. 14,
the signal VN is held at the signal holding capacitor C_N2.
Accordingly, the signal VN is output to the signal line N 15,
and the signal VAB is output to the signal line S 16, respec-
tively. After outputting the signals VN and VAB to the signal
line N 15 and signal line S 16 respectively, the horizontal
selection signal $H2# is changed to I level, and thereafter, the
horizontal reset pulse ¢Hc is changed to H level to reset the
potentials of the signal line N 15 and signal line S 16. Note
that, though not illustrated in the operation timing in FIG. 15,
in order to output the signals VAB and VN from the signal
holding capacitors C_AB and C_N2 in multiple columns, the
horizontal rest pulse ¢He is changed to L level. Next, the
horizontal selection signal §H2# of a row to output the signals
VAB and VN is changed to H level to sequentially output the
signals to the signal line N 15 and signal line S 16. Similarly,
each time output of the signals N and S of the signals VN and
VAB in one row is ended, in order to reset the potentials of the
signal line N 15 and signal line S 16, the horizontal reset pulse
¢Hc is changed to H level. Upon the potentials of the signal
line N 15 and signal line S 16 being reset, the horizontal reset
pulse ¢Hc is changed to L level. Hereinafter, with regard to
the signal holding capacitors C_AB and C_N2 to which a
signal is output from each row of pixels, similarly, supply
operation of the horizontal selection signal $H2#» and hori-
zontal reset pulse ¢pHc is sequentially repeated to output the
signals VAB and VN.

AS described above, with the operation of a row not includ-
ing a pixel to output the signal A, of the operation of a row
including a pixel to output the signal A, the operation to
output the signal A from the pixels 100, and the operation to
hold the signal VA at the signal holding capacitor C_A may be
omitted. Specifically, the period of the point-in-time t93 to t95
of'the operation at a row including a pixel to output the signal
A may be reduced. As compared to the case of performing
operation to read out the signal A and signal A+B at the pixels
100 in all of the rows of the imaging apparatus, there are
pixels 100 not outputting output of the signal A, and accord-
ingly, time to read out signals from the imaging apparatus
within one frame period may be reduced. Accordingly, opera-
tion to obtain the signal A while obtaining the signal A+B may
be performed at high speed.

Description has been made so far based on the mode
wherein pixels to output the signal A are located as with FIG.
1A. With the present embodiment, with regard to a mode
wherein pixels to output the signal A are arrayed as with FIG.
1B as well, a decoder is employed as the horizontal scanning
circuit 14, and accordingly, as with the second embodiment,
time to read out signals from the imaging apparatus within
one frame period may be reduced. With a mode where pixels
to output the signal A are arrayed as with FIG. 1B, there may
be performed the same operation as operation described with
reference to FIG. 14 in the present embodiment except for the
operation of the horizontal selection signal ¢H1z. The hori-
zontal selection signal $H1z is changed to H level regarding
only a column including a pixel serving as a pixel to output the
signal A, and is in L level regarding the other columns. With
solid-state imaging according to the present embodiment,
there is a column not outputting the signals VA and VN from
the signal holding capacitors C_A and C_N1. Thus, as com-
pared to the case of outputting the signals VA and VN from the
signal holding capacitors C_A and C_N1 of all of the col-
umns, time for outputting the signals to the signal line S 16
and signal line N 15 within one frame period may be reduced.
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Accordingly, operation to obtain the signal A while obtaining
the signal A+B may be performed at high speed.

Also, with regard to a mode wherein pixels to output the
signal A are arrayed as with FIG. 1C as well, a decoder is
employed as the horizontal scanning circuit 14, and accord-
ingly, time to read out signals from the imaging apparatus
within one frame period may be reduced, in the same way as
described with the second embodiment. With regard to a row
including a pixel to output the signal A, there may be per-
formed the same operation as operation described with refer-
ence to FIG. 14 in the present embodiment except for the
operation of the horizontal selection signal $H1zn. Also, with
regard to a row not including a pixel to output the signal A,
there may be performed the same operation as operation
described with reference to FIG. 15 in the present embodi-
ment. With a row including a pixel to output the signal A, in
the same way as described with reference to FIG. 1B above in
the present embodiment, the horizontal selection signal H1zn
is changed to H level regarding only a column including a
pixel serving as a pixel to output the signal A, and is in L level
regarding the other columns. Accordingly, there is a column
not outputting the signals VA and VN from the signal holding
capacitors C_A and C_NI1.

Thus, as compared to the case of outputting the signals VA
and VN from the signal holding capacitors C_A and C_N1 of
all of the columns, time for outputting the signals to the signal
line S 16 and signal line N 15 per one row of pixels may be
reduced. Also, the imaging apparatus in FIG. 1C includes a
row not including a pixel to output the signal A. Accordingly,
as described with reference to the previous FIG. 1A in the
present embodiment, of the operation of a row including a
pixel to output the signal A, the operation to output the signal
A from the pixels 100, and the operation to hold the signal VA
at the signal holding capacitor C_A may be omitted. Accord-
ingly, even with a mode wherein pixels to output the signal A
are arrayed as with FIG. 1C, in the same way as with the
second embodiment, time to read out signals from the imag-
ing apparatus within one frame period may be reduced.
Accordingly, operation to obtain the signal A while obtaining
the signal A+B may be performed at high speed.

With the present embodiment, a mode has been described
wherein the areas of the photodiodes 1 and 51 differ as an
example of the pixels 100. The present embodiment is not
restricted to this mode, and the areas of the photodiodes 1 and
51 may be the same.

Fifth Embodiment

Description has been made so far regarding the imaging
apparatus which outputs a focal-point detection signal. The
present embodiment is another mode of the imaging appara-
tus.

Equivalent circuits of the pixels 100, vertical scanning
circuit 2, and the signal processing circuit 101 may be the
same as with FIG. 4 described in the first embodiment. In the
event that the pixels 100 to output the signal A are arrayed as
with FIGS. 1B and 1C, the horizontal scanning circuit 14 may
be employed as a decoder as with the second embodiment. In
the event that the pixels 100 to output the signal A are arrayed
aswith FIG. 1A, the horizontal scanning circuit 14 may be the
same as with the first embodiment.

With the imaging apparatus according to the first embodi-
ment, the one micro lens 23 is allocated so as to condense light
into the light-receiving unit of the one pixel 100. The present
embodiment is not restricted to the layout of the micro lens
23. For example, the one micro lens 23 may be allocated so as
to condense light into the light-receiving units of the multiple
pixels 100. Also, there may be a mode wherein the imaging
apparatus does not include the micro lens 23.
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With the present embodiment as well, the signal A+B is
output from the multiple pixels 100 within one frame period,
and further, the signals A of a part of pixels 100 of the multiple
pixels 100 which have output the signal A+B are used. The
layout of the pixels 100 which output the signal A may be a
layout exemplified in FIGS. 1A to 1C in the same way as
described so far in the first to fourth embodiments. In the
event of arraying the pixels 100 which use the signal A in the
layout in FIG. 1A, the same operation may be performed as
with the operation timing chart described with reference to
FIGS. 6 and 7 in the first embodiment. In the event of arraying
the pixels 100 which use the signals A in the layout in FIGS.
1B and 1C, operation timing may be the same as described
with reference to FIGS. 6, 9A, and 9B in the second embodi-
ment.

In the same way as described in the first and second
embodiments, the digital signals A+B based on the signals
A+B from the multiple pixels 100, and the digital signals A
based on the signals A of a part of pixels 100 of the multiple
pixels 100 which have output the signal A+B are output from
the imaging apparatus according to the present embodiment.
The digital signals A and digital signals A+B output from the
imaging apparatus are output to a digital signal processing
circuit which is an example of the output signal processing
unit 155 of the imaging system exemplified in FIG. 16, for
example. The digital signal processing circuit performs pro-
cessing for calculating difference between the digital signal
A+B and digital signal A to obtain the digital signal B, or the
like.

With an image obtained from one frame signal output of
the imaging apparatus according to the present embodiment,
an area where the pixels 100 which uses the signal A are
arrayed may be expressed with high resolution as compared
to the other areas. With regard to the area of the pixels 100
which use the signal A, the digital signals A are output from
the imaging apparatus, and difference processing between the
digital signal A+B and digital signal A is performed at the
digital signal processing circuit to obtain the digital signal B.
Accordingly, with the area where the pixels 100 which use the
signal A are arrayed, the digital signals A and digital signals
B are obtained. Accordingly, with an area using the signal A
(area using each of the digital signal A and digital signal B),
high resolution is realized for the worth of obtaining the
digital signals A and digital signals B as compared to an area
not using the signal A (area using the digital signal A+B).

Pixels 100 arrayed in an area intended to be expressed with
high resolution in an image obtained by one frame imaging
operation output the signal A and signal A+B, and pixels 100
in the other areas output the signal A+B. Operation relating to
signal output of the imaging apparatus is the same as with the
first or second embodiment, and accordingly, as compared to
a mode using the signals A and signals A+B of all of the
pixels, with the imaging apparatus according to the present
embodiment, time used for signal readout from the imaging
apparatus within one frame period may be reduced.

With the present embodiment, the pixels 100 which output
the signal A and signal A+B as photoelectric conversion sig-
nals have been described. The present embodiment is not
restricted to this mode, and may have pixels 100 further
including another photodiode, and outputting a signal C
based on signal charge generated at this photodiode. With this
mode, a signal to be output from the pixels 100 has to be
changed according to desired resolution. For example, there
is a mode wherein the signal A+B is output from all of the
pixels, and further the signal C is output from a part of pixels
100 included in an area intended to be displayed with high
resolution. Also, a mode may be employed wherein the signal
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A+B+C is output from all of the pixels, and one of the signal
A, signal B, signal A+B, signal B+C, and signal A+C is output
from a part of pixels 100 included in an area intended to be
displayed with high resolution. Even with such a mode, as
compared to a mode wherein two photoelectric conversion
signals are output from all of the pixels, as long as a mode
wherein one photoelectric conversion signal is output from all
of the pixels, and another photoelectric conversion signal is
output from a part of pixels, time used for signal readout from
the imaging apparatus within one frame period may be
reduced.

Sixth Embodiment

An embodiment in the event of having applied the imaging
apparatus thus described to an imaging system will be
described. Examples of the imaging system include digital
still cameras, digital camcorders, and monitoring cameras.
FIG. 16 illustrates a schematic diagram in the event of having
applied the imaging apparatus to a digital still camera as an
example of the imaging system.

InFIG. 16, reference numeral 151 is a barrier for protection
of'alens, 152 is a lens to form an optical image of a subject on
an imaging apparatus 154, and 153 is an aperture for varying
light intensity passed through the lens 152. The lens 152, and
aperture 153 make up an optical system to guide light to the
imaging apparatus 154. Reference numeral 155 is an output
signal processing unit to perform processing of an output
signal output from the imaging apparatus 154.

In the event that the output signal from the imaging appa-
ratus 154 is an analog signal as with the fourth embodiment,
amode is employed wherein the output signal processing unit
155 includes an analog signal processing unit, analog-to-
digital conversion unit, and a digital signal processing unit.
The analog signal processing unit performs various types of
correction on the output signal from the imaging apparatus
154 to output the signal to the analog-to-digital conversion
unit. The analog-to-digital conversion unit converts the signal
output from the analog signal processing unit into a digital
signal, and outputs this to the digital signal processing unit.
The digital signal processing unit performs various types of
correction and compression on the signal as appropriate, and
then outputs the signal. Note that, with the imaging apparatus
154 according to the fourth embodiment, a case has been
exemplified where a part of pixels output the signal A+B but
do not output the signal A. Accordingly, the amount of data of
focal-point detection signals output from the imaging appa-
ratus 154 within one frame period is smaller as compared to a
case where all of the pixels output the signal A. Accordingly,
the output signal processing unit 155 also has an advantage
wherein processing time for analog-to-digital conversion is
reduced, thereby increasing the speed of signal processing.

On the other hand, in the event that the imaging apparatus
154 outputs a digital signal as with the first to third embodi-
ments described earlier, the output signal processing unit 155
includes a digital signal processing unit. The digital process-
ing unit performs difference processing for subtracting the
digital signal N from each of the digital signal A and digital
signal A+B output from the imaging apparatus 154, and dif-
ference processing for subtracting the digital signal A from
the digital signal A+B to obtain the digital signal B. Also, the
output signal processing unit 155 additionally performs
operation to perform various types of correction and com-
pression as appropriate to output the signal. Note that the
imaging apparatuses 154 according to the first to third
embodiments include a pixel which outputs the signal A+B
but does output the signal A. Accordingly, the amount of data
of focal-point detection signals output from the imaging
apparatus 154 within one frame period is smaller as compared
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to a case where all of the pixels output the signal A. Accord-
ingly, even when the imaging apparatus 154 outputs digital
signals, the image apparatus 154 has an advantage wherein
the amount of data to be processed at the signal processing is
reduced, thereby increasing the speed of the signal process-
ing.
In FIG. 16, reference numeral 156 is a buffer memory unit
for temporarily store image data, 158 is an interface unit for
performing recording or readout on a recoding medium, and
159 is a detachable recoding medium such as semiconductor
memory or the like for performing recording or readout of
imaged data. Reference numeral 157 is an interface unit for
communicating with an external computer or the like. Refer-
ence numeral 1510 is an overall control and computing unit
for controlling the overall of the digital still camera and
performing various types of computing, and 1511 is a timing
generator unit for outputting various timing signals to the
imaging apparatus 154 and output signal processing unit 155.
Here, a timing signal or the like may externally be input, and
the imaging system has to include at least the imaging appa-
ratus 154 and the output signal processing unit 155 which
processes the output signal output from the imaging appara-
tus 154.

The processing to subtract the digital signal A from the
digital signal A+B, or the processing to subtract the signal
VA-VN from the signal VAB-VN which the output signal
processing unit 155 performs are performed between signals
both output from the same pixel. Specifically, difference pro-
cessing is performed between the focal-point detection signal
based on the signal A that a pixel outputs, and the image
obtaining signal based on the signal A+B that the same pixel
as the pixel which output the signal A output. Thus, a signal
based on the signal B of a pixel is obtained, and signal values
of'this signal and a signal based on the signal A are compared,
and accordingly, focal-point detection according to the phase
difference detecting method is performed.

As described above, the imaging system according to the
present embodiment may perform imaging operation by
applying the imaging apparatus 154. Focal-point detection
operation according to the phase difference detecting method
based on the focal-point detection signal output from the
imaging apparatus 154, and image formation based on the
image obtaining signal may be performed by applying the
imaging apparatuses exemplified in the first to fourth embodi-
ments to the imaging system according to the present embodi-
ment.

Seventh Embodiment

The imaging system according to the present embodiment
will be described with reference to FIG. 17. Description will
be made primarily with regard to points different from the
imaging system described in the sixth embodiment. With the
imaging system exemplified in FIG. 17, a focal-point detec-
tion signal processing unit 1512 which processes the focal-
point detection signal output from the imaging apparatus 154
is provided to the imaging system described in the sixth
embodiment. This is a mode wherein signals are output from
the focal-point detection signal processing unit 1512 to the
output signal processing unit 155.

With the imaging apparatus 154 according to the present
embodiment, all of the pixels serve as pixels to output the
signal A. Specifically, each of the signal A and signal A+B is
output from all of the pixels of the imaging apparatus 154.
Accordingly, the focal-point detection signals and image
obtaining signals based on pixel signals from all of the pixels
are output from the imaging apparatus 154. In the event that
the imaging apparatus 154 includes the analog-to-digital con-
version circuit, and outputs digital signals, the focal-point
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detection signals are the digital signals A, and the image
obtaining signals are the digital signals A+B. The circuit
configuration in the event that the focal-point detection signal
and image obtaining signal which are digital signals are out-
put from the imaging apparatus 154 may be the configuration
as with FIG. 4 exemplified in the first embodiment, but is not
restricted to this configuration. Specifically, a mode is desir-
able wherein the pixels 100 output the signal A and signal
A+B in a time-sharing manner, the digital signals A and
digital signals A+B based on these signals are held at the
memory 13, and also the digital signals are sequentially out-
put from each memory 13 by the horizontal scanning circuit
14. In the event that analog signals are output from the imag-
ing apparatus 154, the focal-point detection signals are the
signals VA, and the image obtaining signals are the signals
VAB. The circuit configuration in the event that the focal-
point-detection signal and image obtaining signal which are
analog signals are output from the imaging apparatus 154
may be a circuit configuration as with FIG. 13 exemplified in
the sixth embodiment, but is not restricted to this configura-
tion. Specifically, a mode is desirable wherein the pixels 100
output the signal A and signal A+B in a time-sharing manner,
the signals VA and VAB based on these signals are held at the
signal holding capacitors, and the signals VA and VAB are
output from each signal holding capacitor by the horizontal
scanning circuit 14. With the mode wherein analog signals are
output from the imaging apparatus 154, the output signal
processing unit 155 includes the analog signal processing
unit, analog-to-digital conversion unit, and digital signal pro-
cessing unit. The analog signal processing unit performs vari-
ous types of correction on the output signal from the imaging
apparatus 154 to output the signal to the analog-to-digital
conversion unit. The analog-to-digital conversion unit con-
verts the signal output from the analog signal processing unit
into a digital signal, and outputs this to the digital signal
processing unit. The digital signal processing unit performs
various types of correction and compression on the signal as
appropriate, and then outputs the signal. The focal-point
detection signal processing unit 1512 outputs the focal-point
detection signals based on the signals A from a part of pixels
of the focal-point detection signals based on the signals A of
all of the pixels output from the imaging apparatus 154, to the
output signal processing unit 155. Also, the focal-point detec-
tion signal processing unit 1512 also performs processing to
discard the focal-point detection signals based on the signals
A from another part of pixels.

On the other hand, the image obtaining signals output from
the imaging apparatus 154 are not processed at the focal-point
detection signal processing unit 1512, and are output to the
output signal processing unit 155 without change.

The focal-point detection signals based on the signals A
from a part of pixels, and the image obtaining signals based on
the signals A+B from all of the pixels of the imaging appara-
tus 154 are input to the output signal processing unit 155. As
compared to a case where the focal-point detection signals
based on the signals A from all of the pixels are input to the
output signal processing unit 155, the focal-point detection
signal processing unit 1512 outputs the focal-point detection
signals based on the signals A alone from a part of pixels to the
output signal processing unit 155, and accordingly, the
amount of data of the focal-point detection signals to be input
to the output signal processing unit 155 is reduced. Accord-
ingly, the output signal processing unit 155 may perform
signal processing at high speed as compared to a case where
the focal-point detection signals based on the signals A of all
of' the pixels are input.
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Accordingly, the imaging system according to the present
embodiment has the focal-point detection signal processing
unit which outputs to the output signal processing unit 155, of
the focal-point detection signals output from the imaging
apparatus 154, the focal-point detection signals based on the
signals A from a part of pixels, thereby enabling the signal
processing to be performed at high speed.

Eighth Embodiment

An imaging apparatus according to the present embodi-
ment will be described with reference to the drawings. FIG.
18A is a schematic diagram illustrating an example of the
configuration of the imaging apparatus according to the
present embodiment.

In FIG. 18A, two photoelectric conversion units 1 and 51
which the pixels 100 have are schematically represented with
two rectangles. Also, in FIG. 18 A, a member having the same
function as with FIG. 4 is also denoted with the same refer-
ence numeral as the reference numeral denoted in FIG. 4.
Also, in FIG. 18, the vertical signal line 7, comparator circuit
9, counter circuit 11, and memory 13 are denoted with a
branch number that represents what row from the left in the
drawing the corresponding component is allocated in. The
horizontal scanning circuit 14 includes a horizontal transfer
unit 141 and a horizontal scanning unit 142. Also, the imaging
apparatus described in FIG. 18A includes a counter control
unit 30. A signal mtx is given to the memory 13 from the TG.

FIG. 18B is a diagram illustrating the configuration of the
counter circuit 11 and memory 13 in one row according to the
present embodiment. The counter circuit 11 is illustrated as a
mode to output a 12-bit digital signal of bit signals c[0] to
c[11]. With a period while a signal de is in H level, and also a
signal se is in L level, which the counter control unit 30
outputs, the signal values of the bit signals c[1] to c[11] are
changed according to the clock signal clk. On the other hand,
with a period while the signal de is in L level, and also the
signal se is in H level, the signal values of the bit signals c[0]
to c[11] are changed according to the clock signal clk. In the
event that the signal value of the c[0] has changed, the bit
signal c[1] changes to a signal obtained by dividing the bit
signal ¢[0] by two. Accordingly, the number of counts per unit
time of the counter circuit 11 in the event that the signal de is
in H level and the signal se is in LL level changes to double in
the event that the signal de is in L level and the signal se is in
Hlevel. Hereinafter, the count operation of the counter circuit
11 in the event that the signal de is in H level, and the signal
se is in L level will be referred to as double count operation,
and the count operation of the counter circuit 11 in the event
that the signal de is in L level, and the signal se is in H level
will be referred to as single count operation.

Next, the operation of the imaging apparatus illustrated in
FIG. 18A will be described with reference to FIG. 19. The
comparator circuit 9 according to the present embodiment
outputs a signal co to the counter control unit 30 as a com-
parison result signal. The comparator circuit 9 according to
the present embodiment outputs, when the potential of the
vertical signal line 7 is greater than the potential of the ramp
signal VRAMP, a signal in H level, and when the potential of
the vertical signal line 7 is smaller than the potential of the
ramp signal VRAMBP, outputs a signal in L. level.

Reference numerals denoted in FIG. 19 correspond to the
reference numerals denoted in FIG. 18A. With the present
embodiment, let us say that signals del and de4 are bothin L.
level within the entire period.

Description will be made regarding an A conversion
period. Prior to the A conversion period, signals A are output
from pixels 100 of the first row to the comparator circuit 9.
First, the counter control unit changes a signal ae to H level.
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Thereafter, comparator circuits 9-1, 9-2, 9-3, and 9-4 start
comparison operation between the ramp signal VRAMP and
the potentials of vertical signal lines 7-1, 7-2, 7-3, and 7-4,
respectively. When comparison signals col and co3 of the
comparator circuits 9-1 and 9-3 are both in H level, a signal
sel is in L level, and a signal del is in H level, which the
counter control unit 30 outputs. At this time, a counter circuit
11-1 counts the clock signal clk using the double count opera-
tion. Also, when comparison result signals co2 and co4 of the
comparator circuits 9-2 and 9-4 are both in H level, a signal
se2 is in L level, and a signal de2 is in H level, which the
counter control unit 30 outputs. At this time, the counter
circuit 11-2 counts the clock signal clk using the double count
operation. Also, regardless of the signal levels of the com-
parison result signals co3 and co4 of the comparator circuits
9-3 and 9-4, the signal sea is in L level while the signal ae is
in H level. The signal de3 is also in L. level, and accordingly,
the counter circuit 11-3 does not perform count operation of
the clock signal clk. Also, regardless of the signal level of the
comparison result signal co4 of the comparator circuit 9-4,
while the signal ae is in Hlevel, the signal sed is in L. level. The
signal ded is also in L level, and accordingly, the counter
circuit 11-4 does not perform count operation of the clock
signal clk.

Next, let us say that the comparison result signal co2 of the
comparator circuit 9-2 is changed from H level to L level.
Thus, the signal se2 is changed from L level to H level, and the
signal de2 is changed from H level to L level. Accordingly, the
counter circuit 11-2 proceeds from the double count opera-
tion to the single count operation, and counts the clock signal
clk.

Next, let us say that the comparison result signal co3 of the
comparator circuit 9-3 is changed from H level to L level.
Thus, the signal del is changed from H level to L level, and
the signal sel is changed from L level to H level. Accordingly,
the counter circuit 11-1 proceeds from the double count
operation to the single count operation, and counts the clock
signal clk.

Next, let us say that the comparison result signal co4 of the
comparator circuit 9-4 is changed from H level to L level.
Thus, the signal se2 is changed from H level to L level, and
accordingly, the counter circuit 11-2 stops the count operation
of'the clock signal clk, and holds the count signal value at this
time.

Next, let us say that the comparison result signal col of the
comparator circuit 9-1 is changed from H level to L level.
Thus, the signal sel is changed from H level to L level, and
accordingly, the counter circuit 11-1 stops the count operation
of'the clock signal clk, and holds the count signal value at this
time.

The count signal value held at the counter circuit 11-1is a
digital signal based on a signal obtained by adding the signals
A of'the pixels 100 in the first column and the signals A of the
pixels 100 in the third column. This digital signal is referred
to as digital signal A1+A3. The count signal held at the
counter circuit 11-2 is a digital signal based on a signal
obtained by adding the signals A of the pixels 100 in the
second column and the signals A of the pixels 100 in the
fourth column. This digital signal is referred to as digital
signal A2+A4.

Next, the TG changes the signal mtx to H level. Thus, the
memory 13 holds the count signal held at the counter circuit
11. The memory 13-1 holds the digital signal A1+A3. The
memory 13-2 holds the digital signal A2+A4. The memory
13-3 and 13-4 hold a signal value of 0. The horizontal transfer
unit 141 outputs the digital signal held at the memory 13 in
each column to the DSP 80 based on the signal from the
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horizontal scanning unit 142. Another mode may be made
wherein, with the output operation of the digital signal from
this memory 13 to the DSP 80, the horizontal transfer unit 141
skips the memory 13 holding a signal value of 0, and then
outputs a digital signal from the memory 13 alone which
holds a digital signal based on a signal obtained by adding the
multiple signals A.

Next, the A+B conversion period will be described. the
signals A+B are output from the pixels 100 in the first row to
the comparator circuit 9 prior to the A+B conversion period.

First, let us say that the signal ae is in L level without
change. Also, the count signals of the counter circuits 11-1,
11-2, 11-3, and 11-4 are reset to initial values.

Thereafter, the comparator circuits 9-1, 9-2, 9-3, and 9-4
start comparison operation between the ramp signal VRAMP
and the potentials of the vertical signal lines 7-1, 7-2, 7-3, and
7-4, respectively. With the A+B conversion period, the signal
aeisin L level, and accordingly, the signals del and de2 are in
L level during the A+B conversion period. Thus, the counter
circuit 11-1 counts the clock signal clk using the single count
operation until the comparison result signal changes from H
level to L level. This is true regarding counter circuits 11-2,
11-3, and 11-4, which count the clock signal clk using the
single count operation until the comparison result signals co2,
c03, and co4 are changed from H level to L level, respectively.
Thus, the counter circuit 11-1 holds the digital signals (A+B)
1 based on the signals A+B which the pixels 100 in the first
column output. Similarly, the counter circuits 11-2,11-3, and
11-4 hold the digital signal (A+B) 2, digital signal (A+B) 3,
and digital signal (A+B), respectively. Thereafter, the TG
changes the signal mtx to H level, the memory 13-1, 13-2,
13-3, and 13-4 hold the digital signal (A+B) 1, digital signal
(A+B) 2, digital signal (A+B) 3, and digital signal (A+B) 4,
respectively. The horizontal transfer unit 141 sequentially
outputs the digital signals held at the memory 13 in each
column to the DSP 80 based on the signal from the horizontal
scanning unit 142.

The digital signals A held at the memory 13 according to
the present embodiment are digital signals based on signals
obtained by adding the signals A in multiple columns.
Accordingly, as compared to the digital signals A+B, the
number of memory 13 which holds the digital signals A is
reduced, and accordingly, the amount of the digital signals A
to be output to the DSP 80 is smaller than the digital signals
A+B. Accordingly, with the imaging apparatus according to
the present embodiment as well, the amount of the digital
signals A to be output within one frame period is smaller than
the amount of the digital signals A+B. Thus, as compared to
the mode where the memory 13 in all of the columns hold the
digital signals A, a period while the digital signals A are
output from all of the memory 13 which hold the digital
signals A to the DSP 80 may be reduced. Also, the amount of
the digital signals A is reduced, and accordingly, load of the
signal processing of the DSP 80 may be reduced.

As a mode of the present embodiment, as illustrated in
FIGS. 3A and 3B, a case where the signals A are employed as
focal-point detection signals will be described. The signals A
which are focal-point detection signals may be low in signal
precision to be expected as compared to the signals A+B
which are image obtaining signals. In such a case, as with the
present embodiment, a mode may suitably be implemented
wherein digital signals A based on signals obtained by adding
the signals A in multiple columns are obtained.

Ninth Embodiment

Description will be made regarding an imaging apparatus
according to the present embodiment primarily with regard to
points different from the eighth embodiment, with reference
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to the drawings. The present embodiment is a mode wherein
the signal A and signal B are output to different vertical signal
lines 7 from the pixels 100.

FIG. 20A is an example of the configuration of the pixels
according to the present embodiment. In FIG. 20A, a member
having the same function as with FIG. 4 is also denoted with
the same reference numeral as the reference numeral denoted
in FIG. 4. With the pixels illustrated in FIG. 4, a mode has
been illustrated wherein the transfer MOS transistor 20 is
controlled with the transfer pulse ¢T1, and the transfer MOS
transistor 50 is controlled with the transfer pulse ¢ 12. In FIG.
20A, a mode has been illustrated wherein the transfer MOS
transistors 20 and 50 are both controlled with the same trans-
fer pulse ¢T. Also, in FIG. 4, a mode has been illustrated
wherein signal charge generated at each of the photodiodes 1
and 51 is transferred to the amplifier MOS transistor 5. In
FIG. 20A, the signal charge generated at the photodiode 1 is
transferred to the amplifier MOS transistor 5-1 via the trans-
fer MOS transistor 20. Also, signal charge generated at the
photodiode 51 is transferred to the amplifier MOS transistor
5-2 via the transfer MOS transistor 50. The amplifier MOS
transistors 5-1 and 5-2 output a signal based on signal charge
transferred to the corresponding input node to vertical signal
lines 7-11 and 7-12 via selection MOS transistors 6-1 and 6-2,
respectively. Signals to be output to the vertical signal line
7-11 based on signal charge generated at the photodiode 1 are
the signals A. Also, signals to be output the vertical signal line
7-12 based on signal charge generated at the photodiode 51
are the signals B.

FIG. 20B is a diagram illustrating an example of the con-
figuration of the imaging apparatus according to the present
embodiment. In FIG. 20B, a member having the same func-
tion as a member illustrated in FIG. 18A is represented by
being denoted with the same reference numeral as the refer-
ence numeral denoted in FIG. 18A. The signals A (hereinat-
ter, signals A1) output to the vertical signal line 7-11 from the
pixels 100 in the first column are output to a comparator
circuit 9-11. Similarly, the signals B (hereinafter, signals B1)
output to the vertical signal line 7-12 are output to a compara-
tor circuit 9-12. The signals A (hereinafter, signals A2) output
to a vertical signal line 7-21 from the pixels 100 in the second
column are output to a comparator circuit 9-21. Also, the
signals B (hereinafter, signals B2) output to a vertical signal
line 7-22 from the pixels 100 in the second column are output
to a comparator circuit 9-22. The signals A (hereinafter, sig-
nals A3) output to a vertical signal line 7-31 from the pixels
100 in the third column are output to a comparator circuit
9-31. Also, the signals B (hereinafter, signals B3) outputto a
vertical signal line 7-32 from the pixels 100 in the third
column are output to a comparator circuit 9-32. The compara-
tor circuits 9 output comparison result signals co between the
signals output to the vertical signal lines 7 and the ramp signal
VRAMP to the counter control unit 30, respectively.

Next, operations of the counter circuits 11-1 to 11-3 of the
imaging apparatus illustrated in FIG. 20B will be described
with reference to FIG. 21. The operations illustrated in FIG.
21 are based on a mode wherein the counter circuit 11-1
generates a signal A1+B1, the counter circuit 11-2 generates
a signal A1+A3, and the counter circuit 11-3 generates a
signal A2+B2.

First, the comparison result signals col to co5 are all in H
level. At this time, the signals sel, se2, and se3 are in L. level,
and the signals del, de2, and de3 are in H level. Each of the
counter circuits 11-1, 11-2, and 11-3 counts the clock signal
clk based on the double count operation.

Next, the comparison result signal co3 is changed from H
level to L level. Thus, the signal se3 is changed from L level
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to H level. Also, the signal de3 is changed from H level to L
level. Thus, the counter circuit 11-3 counts the clock signal
clk based on the single count operation.

Next, the comparison result signal col is changed from H
level to L level. Thus, the signal sel is changed from L level
to H level. Also, the signal del is changed from H level to LL
level. Thus, the counter circuit 11-1 counts the clock signal
clk based on the single count operation.

Next, the comparison result signal co4 is changed from H
level to L level. Thus, the signal sea is changed from H level
to L level. Accordingly, the counter circuit 11-3 holds the
count signal at this time. This held count signal is the digital
signal A2+B2 based on the signal A2+B2.

Next, the comparison result signal col is changed from H
level to L level. Thus, the signal sel is changed from H level
to L level. Accordingly, the counter circuit 11-1 holds the
count signal at this time. This held count signal is the digital
signal A1+B1 based on the signal A1+B1.

Next, the comparison result signal co5 is changed from H
level to L level. Thus, the signal se2 is changed from H level
to L level.

Next, the TG changes the signal mtx to H level. Thus, the
digital signals held at the counter circuits 11-1, 11-2, and 11-3
are output to the memory 13-1, 13-2, and 13-3, respectively.

The digital signals A held at the memory 13 according to
the present embodiment are digital signals based on signals
obtained by adding the signals A in multiple columns.
Accordingly, as compared to the digital signals A+B, the
number of the memory 13 holding the digital signals A is
small, and accordingly, the count of the digital signals A to be
output to the DSP 80 is smaller than the amount of the digital
signals A+B. Accordingly, with the imaging apparatus
according to the present embodiment as well, the same advan-
tages as the advantages described in the eighth embodiment
may be obtained.

Tenth Embodiment

An imaging apparatus according to the present embodi-
ment will be described with reference to the drawings. The
imaging apparatus according to the present embodiment has
a mode wherein the DSP 80 adds the digital signals A in
multiple columns and outputs the added signals.

FIG. 22A is a diagram illustrating an example of the con-
figuration of the imaging apparatus according to the present
embodiment. The signals A and signals A+B output from the
pixels 100 in the first column are each output to the compara-
tor circuit 9-1. The comparator circuit 9-1, counter circuit
11-1, and memory 13-1 generate each of digital signals A and
digital signals A+B in an A conversion period and an A+B
conversion period, respectively. The signal processing circuit
in another column also generates each of the digital signals A
and digital signals A+B. The horizontal transfer unit 141
outputs each of the digital signals A and digital signals A+B
from the memory 13 in each column to the DSP 80 based on
the signals of the horizontal scanning unit 142.

FIG. 22B is a diagram representing signals that the DSP 80
according to the present embodiment outputs. Input signals
represent signals to be output from the memory 13 in each
column to the DSP 80 by the horizontal transfer unit 141.
Output signals are signals that the DSP 80 outputs. First, the
digital signals A are sequentially output from each memory
13 to the DSP 80 in order from the first column. The DSP 80
outputs signals obtained by adding the digital signals A in
multiple columns. In FIG. 22B, the DSP 80 outputs digital
signals obtained by adding the digital signals A held at the
memory 13 in the first column and third column. Hereinafter,
similarly, the DSP 80 outputs digital signals obtained by
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adding the digital signals A in the second column and fourth
column, and in the fifth column and seventh column, respec-
tively.

After the horizontal transfer unit 141 causes the DSP 80 to
output the digital signals A from each memory 13, the hori-
zontal transfer unit 141 causes the DSP 80 to output the digital
signals A+B from each memory 13. The DSP 80 sequentially
outputs the digital signals A+B output from each column.

With regard to the digital signals A and digital signals A+B
based on the signals A and signals A+B ofthe pixels 100 in the
second row as well, the DSP 80 may perform the same pro-
cessing as with the digital signals A and digital signals A+B
based on the signals A and signals A+B ofthe pixels 100 in the
first row.

Thus, the amount of the digital signals A output from the
imaging apparatus may be reduced than the amount of the
digital signals A+B. Thus, the same advantages as with the
imaging apparatus according to the second embodiment may
be obtained.

Also, with the present embodiment, a mode has been illus-
trated wherein the DSP 80 adds the digital signals A in mul-
tiple columns. Another mode may be made wherein, as illus-
trated in FIG. 23A, the DSP 80 adds the digital signals A
based on the signals A in multiple rows. In FIG. 23A, the
horizontal transfer unit 141 causes the DSP 80 to output the
digital signals A based on the signals A of the pixels 100 in the
first row from the memory 13 in each column. The DSP 80
holds each of the digital signals A. The horizontal transfer unit
141 then causes the DSP 80 to output the digital signals A+B
based on the signals A+B of the pixels 100 in the first row
from the memory 13 in each column. The DSP 80 outputs the
digital signals A+B in each column. Next, the horizontal
transfer unit 141 causes the DSP 80 to output the digital
signals A based on the signals A of the pixels 100 in the
second row from the memory 13 in each column. The DSP 80
outputs signals obtained by adding the digital signals A based
on the signals A of the pixels 100 in the second row and the
held digital signals A based on the signals A of the pixels 100
in the first row. Next, the horizontal transfer unit 141 causes
the DSP 80 to output the digital signals A+B based on the
signals A+B of the pixels 100 in the second row from the
memory 13 in each column. The DSP 80 outputs the digital
signals A+B in each column.

Accordingly, with the mode in FIG. 23A as well, the same
advantages as with the mode described with FIG. 22B may be
obtained. Also, another mode may be employed wherein, as
with FIG. 23B, after the digital signals A+B based on the
signals A+B of the pixels 100 in the first row are output to the
DSP 80, the DSP 80 outputs signals obtained by adding
multiple digital signals A.

With the present embodiment, though the mode is
employed wherein the imaging apparatus includes the DSP
80, a mode may be made wherein the DSP 80 is an output
signal processing unit provided to the outside of the imaging
apparatus.

Eleventh Embodiment

An imaging apparatus according to the present embodi-
ment will be described primarily regarding points different
from the tenth embodiment. FIG. 24A is a diagram illustrat-
ing an example of the configuration of the imaging apparatus
according to the present embodiment. With the present
embodiment, a mode is employed wherein there are provided
multiple horizontal transfer units 141-1 and 141-2 as the
horizontal transfer unit 141, and digital signals are output
from the memory 13 in each column to the DSP 80 using
multiple channels.
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FIG. 24B is adiagram representing, with the imaging appa-
ratus illustrated in FIG. 24 A, digital signals to be output to the
DSP 80, and digital signals that the DSP 80 outputs.

Input signals 1 illustrated in FIG. 24B represent digital
signals to be output to the DSP 80 from the memory 13 in each
column by the horizontal transfer unit 141-1. Also, input
signals 2 represent digital signals to be output to the DSP 80
from the memory 13 in each column by the horizontal transfer
unit 141-2. Output signals represent digital signals that the
DSP 80 outputs.

First, the digital signals A based on the signals A of the
pixels 100 in the first row are output from the memory 13 in
each column to the DSP 80 as the input signals 1 and input
signals 2. The DSP 80 outputs signals obtained by adding the
digital signals A of the input signals 1 and input signals 2.
Next, the digital signals A+B based on the signals A+B of the
pixels 100 in the first row are output from the memory 13 in
each column to the DSP 80 as input signal 1. The DSP 80
outputs the digital signals A+B. With regard to the digital
signals A based on the signals A of the pixels 100 in the
second row as well, the DSP 80 outputs signals obtained by
adding the digital signals A of the input signals 1 and input
signals 2. In FIG. 24B, a mode is illustrated wherein with
regard to the digital signals A based on the signals A of the
pixels 100 in the second row, after the digital signals A are
output from the memory 13 in each column to the DSP 80, the
DSP 80 outputs signals obtained by adding multiple digital
signals A. Another mode may be made wherein, as with the
digital signals A based on the signals A of the pixels 100 in the
first row, the DSP 80 outputs signals obtained by adding
multiple digital signals A in parallel with the digital signals A
being output from the memory 13 in each column to the DSP
80.

With the imaging apparatus according to the present
embodiment as well, the same advantages as with the tenth
embodiment may be obtained. Also, according to the present
embodiment, generally at the same time when the digital
signal signals A are output to the DSP 80, the DSP 80 may
output signals obtained by adding multiple digital signals A.
Accordingly, a period after the digital signals are output from
the memory 13 to the DSP 80 until the DSP 80 ends output of
the digital signals may be reduced as compared to any mode
in FIG. 23A and FIG. 23B according to the tenth embodi-
ment.

With the present embodiment, though the mode has been
employed wherein the imaging apparatus includes the DSP
80, a mode may be made wherein the DSP 80 is an output
signal processing unit provided to the outside of the imaging
apparatus.

Twelfth Embodiment

An imaging apparatus according to the present embodi-
ment is illustrated in FIG. 25A. The imaging apparatus
according to the present embodiment is, as illustrated in FIG.
20B, a mode wherein the signals A and signals B are output
different vertical signal lines 7. With the imaging apparatus
illustrated in FIG. 25A, the signals A are output to the com-
parator circuit 9-11 from the pixels 100 in the first column,
and the signals B are output to the comparator circuit 9-12.
The comparator circuit 9-11 compares the signals A and ramp
signal VRAMP, and the counter circuit 11-11 holds the count
signals based on the comparison result signal. The count
signals are the digital signals A. Similarly, the comparator
circuit 9-12 compares the signals A+B and ramp signal
VRAMP, and the counter circuit 11-12 holds the count signals
based on the comparison result signal. The count signals are
the digital signals B. The memory 13-11 and 13-12 hold the
digital signals A and digital signals B held at the counter
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circuits 11-11 and 11-12, respectively. With regard other col-
umns as well, the memory 13 in odd columns holds the digital
signals A, and the memory 13 in even columns holds the
digital signals B.

FIG. 25B is a diagram representing, with the imaging appa-
ratus illustrated in FIG. 25 A, digital signals to be output to the
DSP 80, and digital signals that the DSP 80 outputs.

First, the horizontal transfer unit 141 outputs the digital
signals A and digital signals B from the memory 13 in each
column to the DSP 80. The DSP 80 outputs digital signals
A+B obtained by adding the digital signals A and digital
signals B based on the same pixels 100.

After the DSP 80 outputs the digital signals A and digital
signals B of the pixels 100 in each column, the DSP 80
outputs signals obtained by adding the digital signals A ofthe
memory 13 in multiple columns.

Thus, the amount of the digital signals A to be output from
the imaging apparatus may be reduced as compared to the
amount of the digital signals A+B. Thus, the same advantages
as with the imaging apparatus according to the second
embodiment may be obtained.

Another mode may be made wherein, with the imaging
apparatus illustrated in FIG. 25A, the multiple horizontal
transfer units 141 are provided as with FIG. 24A. Even in this
mode, as illustrated in FIG. 26A, the mode may be changed
wherein after the DSP 80 outputs the digital signals A+B, the
DSP 80 outputs signals obtained by adding multiple digital
signals A. Also, the mode may be changed as with FIG. 26B.
Specifically, the DSP 80 outputs the digital signals A+B based
on the signals A and signals B of the pixels 100 in the first and
second rows, and then outputs signals obtained by adding the
digital signals A based on the signals A of the pixels 100 in the
first row and the digital signals A based on the signals A of the
pixels 100 in the second row. Even with this mode, the same
advantages as with the imaging apparatus according to the
second embodiment may be obtained.

With the present embodiment, though a mode has been
made wherein the imaging apparatus includes the DSP 80, a
mode may be made wherein the DSP 80 is an output signal
processing unit provided to the outside of the imaging appa-
ratus.

Thirteenth Embodiment

An imaging apparatus according to the present embodi-
ment will be described primarily with regard to points differ-
ent from the twelfth embodiment. FIG. 27A is a diagram
illustrating an example of the configuration of the imaging
apparatus according to the present embodiment. The imaging
apparatus according to the present embodiment has a con-
figuration wherein the horizontal transfer unit 141 is divided
into four of horizontal transfer units 141-1, 141-2, 141-3, and
141-4. The other configuration may be the same as with the
imaging apparatus illustrated in FIG. 25A. The imaging appa-
ratus according to the present embodiment has the horizontal
transfer units 141-1, 141-2, 141-3, and 141-4, and accord-
ingly, the digital signals may be output to the DSP 80 from
memory 13-11, 13-12, 13-21, and 13-22 at the same time.
That is to say, the digital signals may be output from the
memory 13 to the DSP 80 using the four channels. On the
other hand, the DSP 80 according to the present embodiment
employs output with the three channels.

Next, an example of operation of the imaging apparatus
illustrated in FIG. 27A will be described with reference to
FIG. 27B. Input signals 1 to 4 illustrated in F1G. 27B indicate
digital signals that the horizontal transfer units 141-1 to 141-4
output from the memory 13 to the DSP 80. Also, output
signals 1 to 3 illustrated in FIG. 27B indicate digital signals
that the DSP 80 outputs.
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First, the digital signals A based on the signals A of the
pixels 100 in the first row are output to the DSP 80 as the input
signals 1 and input signals 3. Also, the digital signals A+B
based on the signals B of the pixels 100 in the first row are
output to the DSP 80 as the input signals 2 and input signals
4.The DSP 80 outputs digital signals A+B obtained by adding
the digital signals A and digital signals B based on the signals
A and signals B of the same pixels 100 in the first row as the
output signals 1 and output signals 2. Also, the DSP 80 out-
puts signals obtained by adding the digital signals A based on
the signals A of the pixels 100 as the output signals 3. Here-
inafter, with regard to the signals A and signals B of the pixels
100 in the second and third rows as well, the same processing
as with the signals A and signals B of the pixels 100 in the first
row may be performed.

With the imaging apparatus according to the present
embodiment, the amount of the digital signals A to be output
from the DSP 80 is smaller as compared to the mode wherein
the digital signals A of the memory 13 inall of the columns are
output. Accordingly, the same advantages as with the imaging
apparatus according to the twelfth embodiment may be
obtained. Also, the digital signals A are output from the
memory 13 to the DSP 80 using the four channels. Thus,
generally at the same time as the digital signals A are output
from the memory 13 to the DSP 80, the DSP 80 may output
signals obtained by adding the digital signals A in multiple
columns. Accordingly, as compared to the mode wherein the
digital signals A are output from the memory 13 to the DSP 80
using one channel, the imaging apparatus according to the
present embodiment may reduce a period after the digital
signals A are output from the memory 13 to the DSP 80, until
output of signals obtained by adding multiple digital signals
A is ended. Also, the DSP 80 adds and outputs digital signals
to be input at the same time, and accordingly, memory to
temporarily hold digital signals within the DSP 80 may be
reduced as compared to the mode of the twelfth embodiment.

With the present embodiment, though a mode has been
made wherein the imaging apparatus includes the DSP 80, a
mode may be made wherein the DSP 80 is an output signal
processing unit provided to the outside of the imaging appa-
ratus.

Note that, with the eighth to thirteenth embodiments, a
mode has been illustrated wherein the signals A, signals B,
and signals A+B that the pixels 100 output are output to the
comparator circuit 9. The embodiments are not restricted to
this mode, and a mode may be made wherein the operational
amplifier 8 is provided to an electrical path between the pixels
100 and the comparator circuits 9 as with the first embodi-
ment.

Fourteenth Embodiment

An imaging apparatus according to the present embodi-
ment will be described primarily with regard to points differ-
ent from the tenth embodiment. FIG. 28A is an example of the
configuration of the imaging apparatus according to the
present embodiment. The signals A and signals A+B that the
pixels 100 output are output to the operational amplifier 8.
The operational amplifier 8 amplifies the signals A and sig-
nals A+B, and outputs these to the comparator circuit 9.

With the present embodiment, the two counter circuits 11
are provided to each column of the pixels 100. the counter
circuits 11-11 and 11-12 are provided corresponding to col-
umns provided to the pixels 100 in the first column. The
counter circuit 11-11 is a counter circuit to generate digital
signals obtained by adding the digital signals A of the pixels
100 in multiple rows. The counter circuit 11-12 is a counter
circuit to generate the digital signals A+B. With the present
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embodiment, a mode is employed wherein the horizontal
transfer unit 141 outputs the digital signals from the counter
circuit 11 to the DSP 80.

Description will be made primarily with regard to the
operations of the counter circuits 11-11 and 11-12 of the
imaging apparatus illustrated in FIG. 28A, with reference to
FIG. 28B. With the count operations of the counter circuits
11-11 and 11-12, whether to increase or decrease the count
value is controlled by the TG 12.

With N conversion of the pixels 100 in the first row, the
counter circuits 11-11 and 11-12 perform count operation so
as to decrease the count value from the initial value. With A
conversion, the counter circuit 11-11 performs count opera-
tion so as to increase the count value held at the N conversion.
The digital signals A that the counter circuit 11-11 holds in
this A conversion are digital signals based on signals obtained
by subtracting the signals N from the signals A.

With A+B conversion, the counter circuit 11-12 performs
count operation so as to increase the count value held at the N
conversion. The digital signals A+B that the counter circuit
11-12 holds at this A+B conversion are digital signals based
on signals obtained by subtracting the signals N from the
signals A+B. The horizontal transfer unit 141 causes the DSP
80 to output the digital signals A+B from the counter circuit
11-12. The TG 12 then resets the count value of the counter
circuit 11-12.

Next, N conversion of the pixels 100 in the second row is
performed. The counter circuit 11-11 perform count opera-
tion so as to decrease the count value of the digital signals A
based on the signals A of the pixel 100 in the previous first
row. The counter circuit 11-12 performs count operation so as
to decrease the count value that has been reset.

With A conversion of the pixels 100 in the second row, the
counter circuit 11-11 performs count operation so as to
increase the count value held at the N conversion of the pixels
100 in the second row. The digital signals A that the counter
circuit 11-11 held at this A conversion are digital signals
based on signals obtained by adding signals obtained by
subtracting the signals N from the signals A of each of the
pixels 100 in the first row and the pixels 100 in the second row.

Next, with A+B conversion of the pixels 100 in the second
row, the counter circuit 11-12 performs count operation so as
to increase the count value held at the N conversion of the
pixels 100 in the second row. The digital signals A+B held by
the counter circuit 11-12 in this A+B conversion are digital
signals based on signals obtained by subtracting the signals N
from the signals A+B of the pixels 100 in the second row.

Next, the horizontal transfer unit 141 causes the DSP 80 to
output the digital signals from each of the counter circuits
11-11 and 11-12. With the imaging apparatus according to the
present embodiment, a mode is employed wherein the
counter circuit 11 generates digital signals based on signals
obtained by adding the signals A of the pixels 100 in multiple
rows. Thus, as compared to a mode where the counter circuit
11 generates the digitals signals A of the pixels 100 in each
row, a period for outputting the digital signals A from the
counter circuit 11 to the DSP 80 may be reduced. Also, as
compared to a mode wherein the counter circuit 11 generates
the digital signals A ofthe pixels 100 in each row, the amount
of'the digital signals A to be output to the DSP 80 is reduced.
Thus, load of the signal processing of the DSP 80 may be
reduced.

Fifteenth Embodiment

An imaging apparatus according to the present embodi-
ment will be described with reference to the drawings.

FIG. 29A is a diagram illustrating an example of the con-
figuration of the imaging apparatus according to the present
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embodiment. The imaging apparatus according to the present
embodiment has a mode wherein, as with the imaging appa-
ratus according to the fourth embodiment, the signal process-
ing circuit in each column holds the signals A and signals
A+B which are analog signals. As illustrated in FIG. 29A,
memory C_A holding the signals A, and memory C_AB
holding the signals A+B are provided to each column. When
the horizontal scanning circuit 14 changes signals ¢C_A and
¢C_AB to H level, the signals A and signals A+B are output
from the memory C_A and C_AB to the signal line S 16 as
signals SIGOUT. Each memory is configured of a sample-
hold circuit made up of a capacitor element and a switch, for
example. One of the nodes of the capacitor CH is electrically
connected to the signal line S 16, and ground potential GND
is given to the other node of the capacitor CH.

FIG. 29B is a diagram illustrating an example of the opera-
tion of the imaging apparatus illustrated in FIG. 29A. First,
the horizontal scanning circuit 14 sequentially changes sig-
nals ¢C_AB1 TO ¢C_AB6 TO H level, and sequentially
outputs the signals A+B from the memory C_AB in each
column.

The horizontal scanning circuit 14 then changes signals
¢C_Al, ¢C_A2, and ¢C_A3 TO H level at the same time.
Thus, the signals A held at each of the memory C_A1, C_A2,
and C_A3 are simultaneously output to the signal line S 16.
Letus say that the capacity values ofthe capacitor elements of
the memory C_A1l, C_A2, and C_A3 are C1, C2, and C3,
respectively.

The signal SIGOUT becomes a signal of a value obtained
by multiplying summation of the signals of the memory
C_Al1,C_A2,and C_A3 by (C1+4C2+C3)/(C1+C2+C3+CH).
That is to say, signals based on signals obtained by adding the
signals A held at each of the memory C_A1,C_A2,and C_A3
are output.

Next, the horizontal scanning circuit 14 changes signals
¢C_Ad, ¢C_AS5, and ¢C_A6 TO H level at the same time.
Thus, the signals A held at each of the memory C_A4, C_AS,
and C_A6 are simultaneously output. Thus, the signals
SIGOUT to be output are signals obtained by adding the
signals A held at each of the memory C_A4, C_AS5, and
C_A6.

With the present embodiment, the signals A held at mul-
tiple memory C_A are added and output. Thus, as compared
to a mode wherein each of the signals A from the memory
C_A in each column are output as the signal SIGOUT, a
period for outputting the signals A from the memory C_A
may be reduced. Also, as compared to a mode wherein each of
the signals A from the memory C_A in each column are
output as the signal SIGOUT, the amount of the signals A is
reduced, and accordingly, load of an AD conversion unit
provided to the outside of the imaging apparatus may be
reduced.

With the present embodiment, though a mode has been
described wherein the signals A of the memory C_A of three
columns are added, any mode may be made as long as this is
a mode wherein the signals A of the memory C_A in multiple
columns are added.

Sixteenth Embodiment

An imaging apparatus according to the present embodi-
ment will be described with reference to the drawings. FIG.
30A is a diagram illustrating an example of the configuration
of the imaging apparatus according to the present embodi-
ment. In FIG. 30A, a member having the same function as
with FIG. 29A is also denoted with the same reference
numeral as the reference numeral denoted in FIG. 29A. The
imaging apparatus in FIG. 30A has a mode wherein opera-
tional amplifiers 18-1 and 18-2 amplify signals obtained by
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adding the signals A of the pixels 100 in multiple columns to
output these to AD conversion units 40-3 and 40-7, respec-
tively. The configuration of the AD conversion unit 40 may
have any mode illustrated in FIGS. 5 and 8.

Each of operational amplifiers 8-1, 8-2, 8-3, 8-4, 8-5, and
8-6 outputs signals obtained by amplifying the signals A+B of
the pixels 100 in each column to the AD conversion unit 40.

FIG. 30B is a diagram illustrating details regarding an
example of the configuration of the operational amplifier 18
illustrated in FIG. 30A. This is a configuration wherein each
of the signals A of the pixels 100 in the n’th column, n+1°th
column, and n+2°th column is output to a reverse input node
of a differential amplifier via a switch which is electrically
conducted by changing a signal PSH-A to H level, and a
capacitor element. Signals based on signals obtained by add-
ing the signals A of the pixels 100 in three columns are output
from the differential amplifier to the AD conversion unit 40.

FIG.30C is a diagram illustrating details regarding another
example of the configuration of the operational amplifier 18.
This is a configuration wherein each of the signals A of the
pixels 100 in the n’th column, n+1’th column, and n+2’th
column is output to a reverse input node of a differential
amplifier via a capacitor element, and a switch which is
electrically conducted by changing a signal PSH-A to H level.
Even with the configuration of the operational amplifier 18
illustrated in FIG. 30C, signals based on signals obtained by
adding the signals A of the pixels 100 in three columns are
output from the differential amplifier to the AD conversion
unit 40. With any operational amplifier 18 in FIGS. 30B and
30C, when a signal PCOR is changed to H level, charge of a
feedback capacitor is reset. This is referred to as reset of the
operational amplifier 18.

FIG. 31 is a diagram primarily illustrating operation of the
operational amplifier 18 illustrated in FIG. 30B or 30C. First,
the vertical scanning circuit 2 changes the signal ¢SEL to
select the pixels 100 in the first row to H level. Thereafter, in
FIG. 30A, the TG 12 not illustrated changes the signal PSH-A
to H level. The vertical scanning circuit 2 changes the signal
¢R of the pixels 100 in the first row to L. level. The TG 12 then
changes the signal PCOR to L level to release reset of the
operational amplifier 18. At this time, the AD conversion unit
40 converts the signals output from the operational amplifier
18 into the digital signals N as N conversion.

Thereafter, the vertical scanning circuit 2 changes the sig-
nal ¢T1 to H level. Thus, the signals A are output from the
pixels 100. The signal PSH-A is in H level, and accordingly,
the operational amplifier 18 amplifies signals obtained by
adding the signals A of the pixels 100 in multiple columns to
output to the AD conversion unit 40. The TG 12 then changes
the signal PSH-A to L level.

The vertical scanning circuit 2 changes the signals ¢T1 and
pT2 to H level. Thus, the signals A+B are output from each
pixel 100 in the first row to the operational amplifier 8.

Next, the AD conversion unit 40 to which the signals have
been output from the operational amplifier 18 converts the
signals output from the operational amplifier 18 into digital
signals A as A conversion.

The AD conversion unit 40 to which the signals have been
output from the operational amplifier 8 then converts the
signals output from the operational amplifier 8 into digital
signals A+B as A+B conversion.

Thereafter, the horizontal scanning circuit 14 sequentially
outputs the generated digital signals from the AD conversion
unit 40 in each column as SIGOUT.

With the imaging apparatus according to the present
embodiment, signals based on signals obtained by adding the
signals A in multiple columns are output to the AD conversion
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unit 40. Thus, as compared to a mode wherein the AD con-
version unit 40 converts signals based on the signals A in each
column to digital signals, the AD conversion period may be
reduced. Also, as compared to the mode wherein the AD
conversion unit 40 converts signals based on the signals A in
each column to digital signals, the amount of the digital
signals A decreases, and accordingly, load of the signal pro-
cessing of the DSP 80 unshown in FIG. 30 A may be reduced.

One disclosed feature of the embodiments may be
described as a process which is usually depicted as a timing
diagram. A timing diagram may illustrate the timing relation-
ships of several entities, such as signals, events, etc. Although
a timing diagram may describe the operations as a sequential
process, some operations may be performed in parallel or
concurrently. In addition, unless specifically stated, the order
of the operations or timing instants may be re-arranged. Fur-
thermore, the timing or temporal distances may not be scaled
or depict the timing relationships in exact proportions.

With the present embodiment, a mode has been described
wherein the operational amplifier 18 outputs signals based
signals obtained by adding the signals A of the pixels 100 in
three columns to the AD conversion unit 40. The present
embodiment is not restricted to this mode, and any mode may
be employed as long as the operational amplifier 18 outputs
signals based signals obtained by adding the signals A of the
pixels 100 in multiple columns.

Also, with the present embodiment, though a mode has
been illustrated wherein signals that the operational amplifi-
ers 8 and 18 output are converted into digital signals at the AD
conversion unit 40 in each column, the present embodiment is
not restricted to this mode. For example, as illustrated in FIG.
13, a mode may be made wherein signals that the operational
amplifiers 8 and 18 output from each column are output as
analog signals. In such a mode, as compared to a mode
wherein signals obtained by amplifying the signals A are
output from each column, the number of columns to output
signals obtained by amplifying the signals A decreases. Thus,
as compared to a mode wherein signals obtained by amplify-
ing the signals A are output from each column within one
frame period, an output period for outputting signals obtained
by amplifying the signals A may be reduced.

The imaging apparatus according to each embodiment that
has been described so far may be implemented by being
combined with the other embodiment as appropriate.

While the disclosure has been described with reference to
exemplary embodiments, it is to be understood that the dis-
closure is not limited to the disclosed exemplary embodi-
ments. The scope of the following claims is to be accorded the
broadest interpretation so as to encompass all such modifica-
tions and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2012-045653 filed Mar. 1, 2012, and No.
2013-001084 filed Jan. 8, 2013, which are hereby incorpo-
rated by reference herein in their entirety.

What is claimed is:

1. An imaging apparatus comprising:

a micro lens array including a plurality of micro lenses;

aplurality of pixels arrayed in a matrix shape, each includ-
ing m (m is an integer larger than 1) photoelectric con-
version units each configured to generate signal charge,
and to output a signal based on the signal charge, the m
photoelectric conversion units being arranged in corre-
spondence with one micro lense of the plurality of micro
lenses;

wherein each pixel of atleast a part of the plurality of pixels
outputs a first signal based on n (n is an integer less than
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m) photoelectric conversion units among the m photo-
electric conversion units within one frame period;

wherein each of the plurality of pixels outputs a second
signal based on the signal charge of the m photoelectric
conversion units which each of the plurality of pixels
includes, within the one frame period; and

wherein the number of signals based on the first signals
which the imaging apparatus outputs is less than the
number of signals based on the second signals which the
imaging apparatus outputs.

2. The imaging apparatus according to claim 1, further

comprising:

a plurality of signal holding units; and

a plurality of amplifier circuits;

wherein one of the amplifier circuits outputs signals
obtained by amplifying signals obtained by adding the
first signals of the plurality of pixels to one of the signal
holding units, and outputs the signal based on the second
signal amplified by the amplifier circuit other than the
one amplifier circuit to the signal holding unit other than
the one signal holding unit.

3. The imaging apparatus according to claim 1, further

comprising:

a plurality of signal holding units, each holding the signal
based on the first signal;

wherein the plurality of signal holding units which hold the
signal based on the first signal simultaneously output the
signal, and the imaging apparatus outputs a signal
obtained by adding the signals simultaneously output.

4. The imaging apparatus according to claim 1, further
comprising:

a plurality of signal holding units which hold the signal
based on the first signal and the signal based on the
second signal; and

a horizontal scanning circuit;

wherein the horizontal scanning circuit outputs the signals
based on the second signals from the plurality of signal
holding units, and further outputs the signals based on
the first signals from a part of the signal holding units of
the plurality of signal holding units.

5. The imaging apparatus according to claim 1, with the
first signals and the second signals which the plurality of
pixels output being analog signals, further comprising:

a plurality of analog-to-digital conversion circuits config-
ured to output the signals by converting the analog sig-
nals into digital signals;

wherein each of the plurality of analog-to-digital conver-
sion circuits converts the first signal into a digital signal
which is the signal based on the first signal, and converts
the second signal into a digital signal which is the signal
based on the second signal.

6. The imaging apparatus according to claim 5, further

comprising:

a signal processing unit configured to process the digital
signals generated by the plurality of analog-to-digital
conversion circuits;

wherein the signal processing unit outputs a signal
obtained by adding a digital signal based on the first
signal of the pixels, and a digital signal based on the first
signal of another pixel of the pixels;

and wherein the signal processing unit outputs a digital
signal based on the second signal of the pixels, and a
digital signal based on the second signal of the other
pixel of the pixels.

7. The imaging apparatus according to claim 5, wherein the

analog-to-digital conversion circuits include
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a comparator circuit configured to output a comparison
result signal which indicates a result by comparing a
reference signal and the analog signal, and

a counter circuit configured to count a clock signal;

and wherein the plurality of pixels sequentially output the
first signal to the same analog-to-digital conversion cir-
cuit;

and wherein the counter circuit generates a signal obtained
by adding a signal counted from a clock signal based on
a comparison result signal which indicates a comparison
result between the first signal of one pixel of the plurality
of pixels and the reference signal, and a signal counted
from a clock signal based on a comparison result signal
which indicates a comparison result between the first
signal of another pixel other than the one pixel of the
plurality of pixels and the reference signal.

8. The imaging apparatus according to claim 5, further

comprising:
a counter control unit;
and wherein each of the plurality of analog-to-digital con-
version circuits includes
a comparator circuit configured to output a comparison
result signal which indicates a result of comparison
between the reference signal and the analog signal,
and

a counter circuit configured to count clock signals;

and wherein each of a plurality of the comparator circuits
outputs the comparison result signal which indicates a
result of comparison between the reference signal and
the first signals of the pixels which mutually differ;

and wherein the counter control unit controls counting of
the clock signal of the counter circuit based on the com-
parison result signal of the plurality of comparator cir-
cuits, and accordingly, the analog-to-digital conversion
circuit generates a digital signal based on a signal
obtained by adding the first signals of the pixels which
mutually differ.

9. The imaging apparatus according to claim 8, wherein the

plurality of pixels are provided in a matrix shape;

and wherein each of the plurality of analog-to-digital con-
version circuits is provided corresponding to a column to
which the plurality of pixels are provided;

and wherein the counter control unit controls counting of
the clock signal of the counter circuit based on the com-
parison result signal of the plurality of comparator cir-
cuits, and the analog-to-digital conversion circuit gen-
erates a digital signal based on a signal obtained by
adding the first signals of the pixels of which the col-
umns mutually differ.

10. The imaging apparatus according to claim 1, further

comprising:

a vertical scanning circuit;

wherein the plurality of pixels are arranged in rows and
columns, and

wherein the vertical scanning circuit scans the rows to
output the first signal from each of pixels arranged in
only apart of rows and the second signal from each of the
pixels arranged in the rows.

11. The imaging apparatus according to claim 4, further

comprising:

a vertical scanning circuit;

wherein the plurality of pixels are arranged in rows and
columns, and

wherein the vertical scanning circuit scans the rows to
output the first signal from each of pixels arranged in
only apart of rows and the second signal from each of the
pixels arranged in the rows.
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12. An imaging system comprising:

the imaging apparatus according to claim 1;

an optical system configured to condense light into the
imaging apparatus; and

an output signal processing unit;

wherein the signals based on the first signals based on the
signal charge of the n photoelectric conversion units
which a first pixel which is a part of the pixels of the
plurality of pixels includes are output from the imaging
apparatus to the output signal processing unit;

and wherein the signal based on the second signal is output
from the imaging apparatus to the output signal process-
ing unit;

and wherein the output signal processing unit obtains a
difference signal which is difference between the signal
based on the first signal of the first pixel and the signal
based on the second signal of the first pixel, and per-
forms focal-point detection using the difference signal
and the signal based on the first signal of the first pixel;

and wherein the output signal processing unit further forms
an image using the signals based on the second signals of
the plurality of pixels.

13. An imaging system comprising:

an imaging apparatus; and

a focal-point detection signal processing unit;

wherein the imaging apparatus includes
a micro lens array including a plurality of micro lenses;
a plurality of pixels arrayed in a matrix shape;

wherein each of the plurality of pixels includes m (m is an
integer larger than 1)photoelectric conversion units each
configured to generate signal charge, the m photoelectric
conversion units being arranged in correspondence with
one micro lense of the plurality of micro lenses;

wherein each pixel of at least a part of the plurality of pixels
outputs a first signal based on n (n is an integer less than
m) photoelectric conversion units among the m photo-
electric conversion units within one frame period;

wherein each of the plurality of pixels outputs a second
signal based on the signal charge of the m photoelectric
conversion units which each of the plurality of pixels
includes, within the one frame period;

wherein the imaging apparatus outputs each of a signal
based on the second signals of the plurality of pixels and
a signal based on the first signal, to the focal-point detec-
tion signal processing unit; and

wherein the focal-point detection signal processing unit
outputs, of the signals based on the first signals of the
plurality of pixels output to the focal-point detection
signal processing unit, the signal based on the first sig-
nals of a part of the pixels of the plurality of pixels, and
does not output the signal based on the first signals of the
other pixels of the plurality of pixels.

14. A driving method for an imaging apparatus including

a micro lens array including a plurality of micro lenses;

a plurality of pixels arrayed in a matrix shape, each of
which including m (m is an integer larger than 1) pho-
toelectric conversion units each configured to generate
signal charge, the m photoelectric conversion units
being arranged in correspondence with one micro lense
of'the plurality of micro lenses, the driving method com-
prising:

outputting, with at least a part of the pixels of the plurality
of pixels, a first signal based onn (nis an integer less than
m) photoelectric conversion units among the m photo-
electric conversion units within one frame period;

outputting, with each of the plurality of pixels, a second
signal based on the signal charge of the m photoelectric
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conversion units which each of the plurality of pixels
includes, within the one frame period; and

outputting, with the imaging apparatus, the signals based
on the first signals and the signals based on the second
signals by reducing the number of signals based on the
first signals as compared to the number of signals based
on the second signals.

15. A driving method for an imaging system including an
imaging apparatus to perform signal processing of a signal
output from the imaging apparatus, the imaging apparatus
including

a micro lens array including a plurality of micro lenses;

a plurality of pixels arrayed in a matrix shape, each of
which including m (m is an integer larger than 1) pho-
toelectric conversion units each configured to generate
signal charge, the m photoelectric conversion units
being arranged in correspondence with one micro lense
of the plurality of micro lenses, and

the driving method comprising:

outputting, with at least a part of the pixels of the plurality
ofpixels, a first signal based onn (n is an integer less than
m) photoelectric conversion units among the m photo-
electric conversion units within one frame period;

outputting, with each of the plurality of pixels, a second
signal based on the signal charge of the m photoelectric
conversion units which each of the plurality of pixels
includes, within the one frame period; and

outputting, with the imaging apparatus, the signals based
on the first signals and the signals based on the second
signals by reducing the number of signals based on the
first signals as compared to the number of signals based
on the second signals;

wherein the signal processing is processing to obtain a
difference signal which is difference between the signal
based on the first signal of the pixel, and the signal based
on the second signal of the pixel, to perform focal-point
detection using the difference signal and the signal
based on the first signal of the pixel, and to form an
image using the signal based on the second signal of the
pixel.

16. A driving method for an imaging system including an
imaging apparatus to perform signal processing of a signal
output from the imaging apparatus, the imaging apparatus
including

a plurality of pixels arrayed in a matrix shape, each of
which includes m photoelectric conversion units each
configured to generate signal charge, the m photoelectric
conversion units being arranged in correspondence with
one micro lense of the plurality of micro lenses, and

the driving method comprising:

outputting, with each of the plurality of pixels, a first signal
based on the signal charge of n (n is an integer less than
m) photoelectric conversion units among m (m is an
integer) photoelectric conversion units which each of the
pixels includes, within one frame period;

outputting, with each of the plurality of pixels, a second
signal based on the signal charge of the m photoelectric
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conversion units which each of the plurality of pixels
includes, within the one frame period; and

outputting, with the imaging apparatus, the signal based on
the first signal and the signal based on the second signal;

wherein the signal processing is processing to output, of
the signals based on the first signals of the plurality of
pixels, the signals based on the first signals of a part of
the pixels of the plurality of pixels, and not to output the
signals based on the first signals of the other pixels of the
plurality of pixels.

17. An imaging apparatus comprising:

a micro lens array including a plurality of micro lenses;

a plurality of pixels arrayed in a matrix shape, each includ-
ing m (m is an integer larger than 1) photoelectric con-
version units each configured to generate signal charge,
and to output a signal based on the signal charge, the m
photoelectric conversion units being arranged in corre-
spondence with one micro lens of the plurality of micro
lenses; and

a signal processing unit;

wherein each of the plurality of pixels outputs a first signal
based on the signal charge of a part of the m photoelec-
tric conversion units within one frame period, and a
second signal based on the signal charge of the other part
of the m photoelectric conversion units within the one
frame period,

wherein the signal processing unit generates and outputs
third signals each of which is generated by adding a
signal based on the first signal of one of the plurality of
pixels and a signal based on the second signal of the one
of the plurality of pixels, and further generates and out-
puts fourth signals each of which is generated by adding
a signal based on the first signal of the one of the plural-
ity of pixels and a signal based on the first signal of the
other one of the plurality of pixels, and

wherein a number of the third signals output from the
signal processing unit is less than a number of the fourth
signals output from the signal processing unit.

18. The imaging apparatus according to claim 17, further

comprising:

a plurality of analog-to-digital conversion circuits each
configured to convert the first signal into a digital signal
and convert the second signal into a digital signal;

wherein the plurality of pixels is arranged in rows and
columns,

wherein each of the plurality of analog-to-digital conver-
sion circuits is arranged in correspondence with one of
the columns of the plurality of pixels, and

wherein each of the third signals is generated by adding the
digital signal converted by the first signal of one of the
plurality of pixels and the digital signal converted by the
second signal of the one of the plurality of pixels, and
each of the fourth signals is generated by adding the
digital signal converted by the first signal of the one of
the plurality of pixels and the digital signal converted by
the first signal of the other one of the plurality of pixels.
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